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NEW EXPERIMENTS. 


The experiments begun by the Office of Public Roads and Rural 
Engineering during the year 1915 are all concerned with the use of 
bituminous materials in road construction, and include the construc- 
tion of roads surfaced with bitumen and coralline rock, bitumen and 
sand, bituminous macadam by the penetration and mixing methods,! 


1 Tn the future publications of this office “‘bituminous macadam by the penetration method ” will be 
called simply bituminous macadam, and “bituminous macadam by the mixing method ” will be 
called bituminous concrete. 
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plain macadam with bituminous surface treatments, and bituminous | 


concrete. Supplementary reports, describing the progress of experi- 
ments previously reported, follow the reports of the new experiments. 


EXPERIMENTS ON MOUNT VERNON AVENUE ROAD, ALEXANDRIA 
COUNTY, VIRGINIA. 


BITUMINOUS MACADAM (PENETRATION AND MIXING METHOD), BITUMINOUS GRAVEL © 


CONCRETE. 


This experimental project is located in general upon the Mount 
Vernon Avenue Road, in Alexandria County, Va. The entire project 
deals with the bituminous type of road construction. It begins at the 
Military Road, near the Arlington Cemetery, and extends on a new 
location to McKinley Street. Passing through McKinley Street to 
Columbia Pike, the road then follows a new location to the top of the 
hill near station 37 +00, where it joins Mount Vernon Avenue. The 
old location of Mount Vernon Avenue is left again at station 85+00, 
and a new location is followed across Four Mile Run to Mount Vernon 
Avenue at approximately station 131+00. From there the road 
continues along Mount Vernon Avenue to Washington Avenue, 
thence through Washington Avenue and Washington Street to the 
city line of Alexandria. The total length of the project is 23,711 
feet, or approximately 4.5 miles, and is divided into 20 experiments, 
as shown in Table 1. The experiments are numbered consecutively 
from the north end of the project toward Alexandria, and the experi- 
ments numbered 9 and 12 are identical in the construction methods 
employed. 

The project naturally falls into three sections, according to the 
nature of the construction of the road base. Section I extends from 
the north end of the project (station —1+61) to station 153+00 at 
Hume, where the road crosses the tracks of the Washington-Virginia 
Railroad. A gravel base was laid throughout this entire section, 
both on the new location and on the old road, which was of earth and 
badly-worn gravel. Section II extends from station 153+50 to 
station 192+00. The base on this section is an old bituminous- 


macadam surface scarified and reshaped. Section III extends from 


station 192+00 to station 235+50, and the base is an old water- 
bound macadam surface, scarified and reshaped. 
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TABLE 1.—Surface construction. 


Ex- Bituminous material. 
peri- 
iene Stone. 
No. By penetration method. By mixing method. 
| Section I.........-. 1 | Sandstone...; Fluxed native asphalt A..... 
Ba hs ese dotzrs.s:|(Oil-asphalt Xoo ely. ood, 
bl ae seh CG Ma Fe ca a ge Fluxed native asphalt A. 
AN. ks Ogee laeate yoke te Go ks et ot wel Oil-asphalt X. 
5 | Gneiss...... Fluxed native asphalt A..... 
Gul eet. doiee2.| Oil-asphalt Xo 0 ct 
TANE SS s COO eee 2 i ce en a Beer 2 cr Oil-asphalt X. 
Bier oe CON a i ae ara See ee Fluxed native asphalt A. 
9 | Gravel...... [2A IRE ee SA rae Re i Oil-asphalt Y. 
LOG ee: COM a aN St RR A pe ee Fluxed native asphalt B. 
Wels. GOr Ve eS: ee ahe AN SR iors Red bh vaalisites Refined tar. 
1 OB igs MO eerie [Scie Sa sctkts ac oie > ap Sale ecules Lene Oil-asphalt Y. 
Section IT.......... USETAD seu eee Oil-asphalt X................ 
14 |.....do.......| Fluxed native asphalt A..... 
| Ee eee C6 LONE A er IS eae ee Ne ee Bene wees Fluxed native asphalt A. 
| Ue ne Oe tere Ns tos Ls ELIS NE ad Oil-asphalt. 
Section TII......... | 17 | Granite..... Fluxed native asphalt A..... 
US ogee Coes. |-Oll-asphialt Nes ieee 
19: |..... CG KO a A eRe Ea A ie Os Oil-asphalt X. 
205] 52 .< EO eo tem ates Sear eR WIE RUN He be ae Fluxed native asphalt A. 


Work was begun under contract February 25, 1915, and the project 
was finished December 6, 1915. A total of 20 working days was lost, 
owing to unfavorable weather and other causes. Of the total cost of 
$65,694.45 Alexandria County paid $33,696.21. 


GENERAL FEATURES OF THE PROJECT. 


Equipment.—The equipment available consisted of a steam shovel, 
1,000 feet of industrial-railway track and cars, a pile driver, a me- 
chanical scarifier, a semiportable road asphalt-mixing plant, three 


_ 500-gallon portable asphalt-heating kettles, a 10-ton macadam roller, 
_an 8-ton tandem roller, an Emerson steam pump, 2 gasoline pumps 


and pipe, two 5-ton motor trucks, dump-bottom wagons, drag 


scrapers, plows, pouring pots, and hand tools. 


Excavation.—Nearly all the excavation was done by steam shovel, 
and material was hauled to the fills by dump wagons. The industrial 
railway was not used to any extent. All fills were built in layers ap- 
proximately 1 foot in thickness and rolled where possible. Side-hill 
slopes under new fills were thoroughly plowed. Slopes in cuts were 
finished 1:1 and on fills 14:1. The road was constructed 16 feet wide, 
with 4-foot shoulders, and the side ditches were excavated 19 inches 
below the grade of the road. The crown was ? inch to 1 foot on all 


| sections. Of the total of 28,575 cubic yards of necessary excavation, 


27,478 cubic yards occurred on section I between stations —1+61 


| and 153 +00. 


Dravnage.—Subdrainage, culverts, and catch basins were built 
where needed. Ungalvanized corrugated-metal pipe culverts were 


_ placed as indicated in Table 2. 
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TABLE 2.—Corrugated metal culveris. 


Coppered| Ingot |Coppered|Coppered Se bees Coppered| Ingot = 
Material iron, iron, iron, teel, eal steel, iron, ial 
; station | station | station | station Seiten station | station cents’ 
—2+00 | 9+19 9443 | 29400 | Tpi'g7 | 77499 | 80494 | org 96 
Diameter-...... inches... 24 15 15 24 18 24 18 18 
Analysis of metal: 
Carbon...percent..} 0.03 0.03 0. 03 0.08 0. 06 0. 09 0.03 0. 05 
Sulphur..per cent.. . 028 - 030 - 039 - 046 - 026 053 - 038 029 
Phosphorus, per 
Cents. 225 tee . 0094 . 009 O11 . 030 - 025 . 0105 012 .027 
Manganese, per cent - 02 -015 - 016 a8y/ -32 38 - 009 31 
Copper...percent..|  .16 | 05 .16 .16 . 016 .19 06 016 


Concrete head walls were built for all pipe culverts and a concrete 
gutter was constructed on the right from station 29+00 to station 
36+18 on a 4.92 per cent grade. 

Four Mile Run Bridge.—It was necessary to build a new bridge 
over Four Mile Run at station 101+87. The design adopted for 
this bridge was of two 16-foot spans with 16-inch slabs. Work was 
commenced on the bridge March 6 and was finished June 6. The 


total cost was $3,332.56. Fifty-eight yellow pine piles were driven | 


to a 20-ton theoretical bearing for the two abutments and the center 
pier foundations, which were built of concrete mixed in the propor- 
tions 1:24:5. The foundations were begun 3 feet 4 inches below 
low water. No sheeting was used in the excavation for founda- 
tions and the pits were kept dry by the use of pumps. All concrete 
was mixed by hand on two large mixing platforms and a washed- 
gravel aggregate was used. Concrete for the slabs was of 1:2:4 
mixture, and was reinforced with deformed bars. A railing was con- 
structed of concrete with a mix of 1 part cement to 24 parts of sharp 
sand. 

All forms were constructed of dressed lumber and thoroughly 
braced. The forms for the bridge rail were oiled and other forms 
were kept wet during the placing of concrete. The rail was given 
three coats of a wash made as follows: 1 pound concentrated lye, 4 
pounds alum, and 5 gallons of water, to which sufficient cement was 
added to make a wash that would spread with a large brush. The 
finished bridge has a clear width of 22 feet. 

Foundation or base course.—On Section I an average interval of 60 
days elapsed between the completion of excavation or rough grading 
and the commencement of subgrade construction and placing of 
gravel base. The subgrade was prepared exclusively by the use of 
picks and shovels, and the work was kept from three to five stations 
ahead of the gravel-base construction. All yielding and spongy areas 
were removed as rolling progressed and fresh material was supplied. 

The gravel base, on this section, had an average compacted thick- 
ness of 6 inches, and was constructed of a sand-clay gravel, which 
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occurred in three pits adjacent to the road, namely, the Zimmerman 
pit near station 18+00, the Garfield pit near station 95 +00, and the 
Haney pit 1,500 feet to the right of station 116+00. The free haul 
of gravel was fixed at 1 mile and overhaul was practically negligible. 
The gravel was excavated by means of a steam shovel and distributed 
in rows from dump-bottom wagons. Stones over 24 inches in 
size were raked out at the pit or during the spreading. The gravel 
contained 8.5 per cent of water and weighed approximately 3,000 
pounds to a cubic yard, measured loose in a dimensioned box. Gravel 
from the Zimmerman and Haney pits, which were cross-sectioned, 
increased about 20 per cent in volume when loosened. The loose 
depth necessary to obtain the requisite compacted depth of 6 inches 
averaged 7.92 inches and the weight per station averaged 58.5 tons. 
The spreading was controlled by means of 6-inch blocks and lines, 
and the gravel was rolled with a 10-ton roller. The mechanical 
analyses of the gravel are shown in Table 3. 


TABLE 3.— Mechanical analyses of gravel used for foundation course. 


Zimmer-| Garfield | Haney 
man pit. pit. pit. 


Per cent. | Per cent. | Per cent. 


Passing 2-inch, retained on 1}-inch screen......----.-.-----------+--------- TSS Na GES nll be aes 
Passing 14-inch, retained on 1-inch screen..........-- gi I SBS IE re ch he By 4.6 Te ya fee ae 
assim t-inch, retained om 27-inch screen... ------+--2. 22 Leese eee eee 5.9 8.9 1.4 
Passing #-inch, retained on 3-inch screen...-......-----.------+---+---+---- 9.1 1S 15.7 
Eassing 23-inch, retained on 4-inch screen. .....2..-.....---2..------2-0---- 11.4 17.2 25.7 
Passing 31-inch, retained on ;4,-inch screen..-..-...---222-2-22202eeee eee eee 8.5 13.3 19.6 
Passing 10-mesh, retained on 20-mesh screen....-....-.--------- Ss eel 5.2 4.8 10.1 
Passing 20-mesh, retained on 30-mesh screen....-..-.-.-.-----.-2---------- 3.6 5.8 5.1 
Passing 30-mesh, retained on 40-mesh screen.........---.-2---2-2-2-------- 2.6 8.3 3.2 
Passing 40-mesh, retained on 50-mesh screen......--.----------------+---- 4.3 7.3 3.8 
Passing 50-mesh, retained on 80-mesh screen...........-...--------------- 8.6 5.4 3.2 
Passing 80-mesh, retained on 100-mesh screen.........-..----------------- ated 5 -8 
Passing 100-mesh, retained on 200-mesh screen.......---..---.-------+---- 6.7 2.8 QE4 
REPEL MINES GCEOCMN. 25 ous denis os - Saks s Se teieise ss Sadie So scleaie eat eienc eset 18.1 13.1 9.0 

100.0 100.0 100.0 


The base of Section II (station 153+50 to station 192+00) was 
an oid bituminous-macadam surface. It was scarified and reshaped 
without difficulty. Where excess material was found it was used to 
stiffen the shoulders immediately outside the new surface. Where 
a deficiency of material occurred, new 14-mch broken trap rock 
(passing a 24-inch screen and retained on a 1}-inch screen) was sup- 
plied. An average depth of about three-quarters of an inch of such 
stone was added to the penetration course continuously from station 
153+50 to station 158+50, and from station 187+00 to station 
190+50 a layer 4 inches deep, loose, was used to stiffen the base. 
The entire base, with added stone, was thoroughly rolled with a 
10-ton roller. 

The base of Section III (station 192+00 to station 235+50) was 
an old “water-bound’’ trap-rock macadam surface badly out of 
shape. It had apparently been repaired with limestone. It was 
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scarified and reshaped with some difficulty, as the left edge from 
station 221+00 to station 230+00 was 3 inches higher than the 
crown. From station 201+00 to station 208+89 and from station 
215+28 to station 219+00 the old macadam was entirely removed 
to correct the profile and a new subgrade constructed. Six inches 
of “14-inch’”’ crushed granite (passing a 24-inch screen and retained 
on a 14-inch screen) was then placed. It was also necessary to add 
such stone to weak spots in the base between station 229+00 and 
station 234+00. The entire base was rolled with a 10-ton macadam 
roller. A gap of 639 feet occurs on this section at the viaduct over 
the Potomac railroad yards. 

' Shoulders.—Earth shoulders on Section I were constructed 4 feet 
wide with a slope of 1 inch to the foot, and they were finally trimmed 
and rolled upen completion of the work. On Section II 4-foot gravel 
shoulders of approximately 4 inches of compacted gravel from the 
Haney pit were constructed on both sides throughout the entire 
length. On Section III, from station 219+00 to station 235+50 
similar gravel shoulders were constructed on both sides, except 
where a sufficient amount of material developed in the course of 
reshaping the old macadam with which to form a firm shoulder. 

Cut-off—Near station 2+50 a branch (or cut-off) was built for a 
distance of 230 feet along the southerly branch of the Washington-— 
Virginia Railroad to allow traffic to pass through the new road and 
reach the Military Road going to Georgetown without twice crossing 
the railroad track. The surface of this cut-off was constructed as 
parts of experiments Nos. 1 and 2. 

Right of way.—Approximately 10.2 acres of land were acquired by 
Alexandria County to provide for widening the old road and for the 
new right of way. All lands so acquired are marked at every point 
of curvature and tangency along the new right of way by means of 
concrete monuments. 

Curves.—The reverse curve between stations 34+07 and 37+75- 
was widened gradually to a total width of 24 feet and suitably banked. 
The curve between stations 84+10 and 88+ 76 was widened grad- 
ually to a total width of 22 feet, and also suitably banked. The 
curve between stations 89+ 73 and 93+99 was also widened gradu- 
ally to 22 feet. 

Guard rail—Wooden guard rails were constructed on Section I 
as follows: 

From station 19+20 to station 34, left. 
From station 20+26 to station 22+-55, right. 
From station 73+80 to station 81+ 64, right. 
From station 74+24 to station 78+70, leit. 
From station 91+-50, 3 panels on the right. 


From station 98+70 to station 108+78, both sides. 
At Hume Spring 4 panels of guard rail were erected. 


DUST PREVENTION AND ROAD PRESERVATION, 1915. tl 


The guard rail was built of red-cedar posts with two rails of yellow 
pine. The posts, which had been dipped m asphaltic material, were 
set 4 feet in the ground and sawed off 3 feet 3 inches above the sur- 
face. The 2-inch by 6-inch rails were given two coats of white lead 
and oil. The guard rail is set in each instance 3 feet outside the 
edge of the surfaced road. 

Materials—The materials used in all surface experiments were 
tested in the laboratories of the office and the results are given in 
Tables 4 to 9, inclusive. 


‘TasLe 4.—Physical properties of stone used in surface construction. 


Test. Sandstone. | Gneiss. Trap. | Granite. 
PEEING OR AVAL Yemeni Sree oe ean base Sota wie Mai'wrore salma wins 2. 50 2. 80 3. 00 2.70 
Mueich tpemcubic 100i] oo ets soe. 8. Soest ee ee pounds... 156 175 187 168 
Water Aiccrbed DeE Cubiewoot Aha see). oo. be te pounds.. . 132 - 28 43 328 
MABIEGONL Olawiealt asa ce ceiieewe nee Ot ccs c+ scot eae cceecesee 4.8 3.0 2.6 3.0 
Hronchcoeiicient Of Wear soc. aes... e ccc c ec le cce cece cece 8.3 13.2 1585 13.3 
MARETIOSS eae ea eee ee oe ee hcl sos ee wiciaaaeacisiwne 15.5 18.8 18.3 18.7 
BRGTISTIN CSS ier ire ey e ao ces a ee EN EPs NL 2 75)e love iSiele cibiera’eieimieiajsle 5 5 13 9 


Tape 5.— Mechanical analyses of stone used in the bituminous-macadam by the penetration 


methods. 
Sandstone.| Gneiss. | Trap. | Granite. 

RV Cly 2 -INCHsGCN CONN som cess = hin a cc. oh einaie dene le sec et ee eeae 12.0 9.3 25.1 19.8 
Passing 2-inch, retained on 14-inch screen..............---.-.- 55.1 59.9 47.2 Oa 
Passing 13-inch, retained on 14-inch screen...........--------- 22.3 22.0 17.5 16.7 
Passing 1}-inch, retained on 1-inch screen..............--....- 10.6 7.0 9.6 5.8 

_ Passing 1-inch, retained on 3-inch screen...............-.0---.|.-2-02eee0e- Le? Oe ieteeee 
Passing 2-inch, retained on 43-inch screen.............. Re i A ie el a RUS 2 a BA ee ee ae 
100.0 99.9 109.0 100.0 


TABLE 6.— Mechanical analyses of stone and gravel used in the bituminous macadam by 
the mixing method, and the bituminous-concrete. 


Sandstone.| Gneiss. Trap. | Granite.| Gravel. 


Passing 2-inch, retained on 13-inch screen...-...-.. (oC Ps ene 22.4 De Braterstoneortonge 
Passing 1-inch, retained on 14-inch screen-......-- 12.1 6.9 35. 4 Pe a Wl ees a Blue 
Passing 13-inch, retained on 1-inch screen.......... 38.0 32.8 24.0 44.5 1.3 
Passing 1-inch, retained on ?-inch screen......-..-. 29. 5 29. 5 15.0 13.5 8.9 
Passing 3-inch, retained on 4-inch screen..-.......-- 13. 2 25.3 3.2 8.3 11.3 
Passing 4-inch, retained on 13-inch screen........-.- 6 LENG I a ae a 6.3 172 
2 oss Brio alft8 7) sae ee eee AP BS heh eu 12 113.3 
acsing 10-mesh, retained on 20-mesh screen ..-....|...--.------[---------cfe- eee e ee e[e eee een ces 4.8 
Passing 20-mesh, retained on 30-mesh screen ..-....|------------|--------e- [eee eee eee e [ee eee ee eee 5.8 
Passing 30-mesh, retained on 40-mesh screen .-...-..|----.----+--|-------+-- [hod SEG saa Hae ak 8.3 
Seri oA0-mesh: retained on, 50-mesinscreem. ..-.-.-2|-.- 22+ ------|-o- ce eneec|-scesce ce c[octee dele’ 13 
acsing 50-mesh, retained on 80-mesh screen ...-.-- -!. 2-2-2 22 22+-|-- ccc s ccc c |e neces ceeclecescccece 5.4 
Passing 80-mesh, retained on 100-mesh screen......|..-------+--|--------- |e e eee ee [eee eee eee 0.5 
Passing 100-mesh, Became d On 200-mMesh SCLECIM. vacie|=  cteie=1- lois |o=/cnisin wiew=||~~ sintvicicieisise ale sie lmic lala 2.8 
Re OONRETIO SISCEC OTE ire ae oe voi wines as cicis l= <= =| sjorw cic eainieie is esto ow ele sie'e| ainsi cinine'ais|winieeciciw cine 13.1 

100. 0 100. 0 100. 0 100. 0 100. 0 


1 Retained on 10- mesh screen. 
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TABLE 7.— Mechanical analyses of stone chips. 


Sandstone.| Gneiss. | Trap. | Granite, ; 


Per cent. | Per cent. | Per cent. | Per cent. 
Passing 13-inch, retained on 1-inch screen 


Se os 9535 2555226 354 5955-25655 bo rect asec) Sse a 
Passing Pimch, retained On 4-McCh SCresh— 6 - osec cae sone ee eee eee 0.5 15. 8 3.8 
Passing #-inch, retained on Ainch SCTCEN Ss 5. ee eee 2.0 6.1 25. 8 35.7 
Passing iinch, retained on 3-inch screen .....--..-...-.-=---- 25.1 27.3 32.9 47.1 
Passing Zinc, retained on 3,-inch Screen | [322.2 Fo. sete. Ss 66. 0 61.5 19.4 1 
PASSING Sy -HICH ECIODIS a= cescce se see apes ess <8 eae e eae aseee 6.7 4.6 6.1 12.3 
99.8| 100.0 | 100.0 100.0 


1 Passing +-inch screen. 


TABLE 8.—Analyses of fluxed native asphalts and oil-asphalts. 


| gg | Oilasphalts, 


Specifi- | Specifi- | Specifi- | Specifi- 
cation A.| cation B. cation X. | cation Y, 


Experi- Experi- 
ment Experi- | ment Experi- 

numbers} ment |numbers| ment 

4,3, 5,8, pane 2, 4, 6, 7, | numbers 


13,16 9, 12. 
17, 20 18, 19. 4 
Specitie eravily 2D" [20 se ee IE Bay eae Bee eee 1.043 1.054 1.046 1.049 | 
elise pomt' © a2 Sanet an dees cs = ee sic sec onet Se ee eeeS al ee eae a See Sees 50.5 54 
Penetration at 25° C., 100 grams, 5 seconds .............--.-.... 117 71 102 74 
Loss, 5 hours, 163° G. 20) STAINS eee ee eet per cent.. 2. 36 2. 60 0.25 0.12 
Penetration of residue, AS "ADGOVOE ae oo ae eee ae ee ommere BY 34 63 49° 
Per cent of total bitumen insoluble in 86° B. naphthas 5-2 s:5234 23. 45 24. 50 26.79 28.28 | 
HIXCH CALDOWS 2c. had ee ceca ee sees ee ee ee per cent... 12. 48 12. 66 13.92 18.75 
Soluble in CS: (total bitumen)..................----.... do=ss-2 96. 65 96. 86 99.90 99.92 
Organic matter, insolablo:<=2ii-s 34502 25 toes ees dos 1.17 1.07 0.07 0.05 — 
Triorpanic matter, msorabie.---_-..--.---s---2------455 dOsse 2.18 | 2.07 0.03 0.03 
Gofal). ee a EE Sot Sen ee eee 100. 00 | 100. 00 | 100. 00 | 100.00 


TABLE 9.—Analysis of refined coal tar used in bituminous gravel concrete. 


Spocilic gravity 25° Ooo Coes ee ee ee ee ee ee et een eee ee eee 1.226 
HIOALETESG 50 2 Ae 7 pe i & he mwas ein a po Sk SES Nee Bae Nh) Se a SE aCe ae x 
Solupieim CSr(Ctotal piramen), por Cent ees. sce = oe ee a ee Soe ee eee 87.11 
Free carbon, per. cont... sew sete seen Sei eee see es se ee ee ee ee 12. 80 
Thorganic residus upon ignition, percent. -..2 2.322 be ses ocak eee eee eee ee ae eee 0.09 
| 
Distillation (Engler flask). Character. | BY | By weight. 
Per cent. Per cent. 
Witter 2: -) eee ce 5 ee ee ae ee Bae Jeceeeecee ee eecee .0 0.0 
Hirst Licht ous (to010°C) 2. ee eens as ees Eee [SCPE Lo 0.0 0.0 
Second fight oils: (110°-170°.C) 2 Sen ck eb Ste gen ce cee Rec ae See eae Trace. Trace. 
Hoavy Oils (17092702 0) < | ern cto ete tae ta on eee eee Sond 23% ies 5.8 
Hosyy oils: (270°-300? C.) uo ad veck<cebect iaeaaes eee ee dozsedt 70k (ep 5.7 
5, | ee ie Seen) EEL ee ie) MORE eT Hard, brittle. . 85. 6 88.5 
100. 0 100.0 


<7 tate A 


a 


“renee! 


DUST PREVENTION AND ROAD PRESERVATION, 1915. 9 


DESCRIPTION OF EXPERIMENTS. 


EXPERIMENT No. 1.—Bituminous Macapam (PENETRATION METHOD); SANDSTONE 
witH FLuxreD Native ASPHALT A. 


Location: Station —(1-+61) to station 5--00. 

Total length: 661 feet. 

Total area: 1,202.2 square yards.! 

The compacted gravel base described above had been under traffic 
for 5 months before the experimental surface was begun. The base 
was generally smooth and hard, but a few depressions had developed; 
these were filled and the surface was cleaned and rolled. Three 
inches of 14-inch crushed sandstone was then spread by shovels from 
piles along the road. The stone had the physical properties shown 
in Table 4 and the mechanical analysis shown in Table 5. Uniform 
spreading was accomplished by the use of 3-inch cubical blocks 
and all irregularities were subsequently brought to a true surface. 
A 10-ton macadam roller was used to compact this stone layer, except 
that whenever available an 8-ton tandem roller was used to advantage 
forthis purpose. The bituminous material was a fluxed native asphalt 
of properties shown in Table 8. It was heated in 500-gallon kettles 
mounted on trucks. When the asphalt had reached a temperature 
of 300° to 350° F. it was drawn off into 34-gallon hand-pouring pots 
and a uniform penetration coat of approximately 1.5 gallons to the 
square yard applied. While the oil was still hot clean stone chips 
were uniformly spread to fill the superficial voids and immediately 
rolled. The chips were broomed to an even distribution and excess 
chips removed as the rolling progressed. 

A seal coat of hot asphalt approximately one-half gallon to the 
square yard was then similarily applied. Chips were then applied in 
such quantity as to leave a slight excess, and the surface was again 
rolled. The mechanical analysis of the sandstone chips is shown in 
Table 7. All the sandstone chips broke up immediately under rolling 
and traffic. 


EXPERIMENT No. 2.—Bituminous MaAcapAmM (PENETRATION METHOD); SANDSTONE 
witH O1L-AsPHALT X. 


Location: Station 5-+00 to station 18+-00. 
Total length: 1,300 feet. 
Total area: 2,599.7 square yards.? 


The construction of this experiment was exactly as described for 
Experiment No. 1, except that the asphaltic material was an oil 
asphalt described in Table 8. A subdrain was constructed on the 
right from station 12+50 to station 18+25. It was built with 
6-inch bell and spigot joint tile pipe laid 4 feet below the finished 
grade, and was covered to a depth of 12 inches with broken stone, 


1 Includes 27 square yards at end ofcut-off. 2 Includes 289 square yards at beginning of cut-off. 
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on top of which was placed a 10-inch course of cobble stones. The 
drain was under the gutter line and was completed with a layer of 
earth. 


EXPERIMENT No. 3.—Bituminous Macapam (Mixine Metuop); SANDSTONE WITH 
Fiuxep Native AspHatt A. 


Location: Station 18-+00 to station 28+-10. 
Length: 1,010 feet. 
Total area: 1,867.8 square yards. 


The compacted gravel base for this experiment had been under 
traffic about 4 months before the surface was laid. A thin layer of 
dust had developed and in a few instances the surface of the base 
was not true to section. The section was revised by hand picking, 
the addition of gravel to the hollows, and rolling. In general the 
base presented a smooth, hard appearance and was thoroughly swept 
with ordinary house brooms directly in advance of the placing of the 
bituminous macadam. ‘The stone was 3-inch sandstone with physi- — 
cal properties and mechanical analysis as shown in Tables 4 and 6, 
respectively. It was mixed with the hot bituminous material in the 
proportions of 38 pounds of asphalt to 600 pounds of stone in a 
semiportable mixing plant near station 95+00. The resulting per- 
centage of asphalt to total weight of the mix was 5.95 percent. The 
mix was hauled in dump-bottom wagons to the point of placing and 
dumped on spreading boards. It was spread at an average tempera- 
ture of about 300° F. by shovels and rakes on the cleaned gravel base — 
to produce a compacted depth of 2 inches. 

The mixing plant raised the aggregate by means of a bucket-belt © 
from a feeding pit into a heating cylinder, where it was heated. The 
heated aggregate was then elevated to a storage bin, from which it 
was run into a weighing hopper and thence into the mixing box. 
The asphalt was heated in two kettles, each of 1,000 gallons capacity, — 
and dipped by ladles into a weighing kettle from which the hot 
material could be poured into the mixing box. The pouring began 
as the chute from the aggregate weighing hopper opened, while the 
blades of the mixer revolved continuously. A full minute was the 
minimum time of mixing, and the mixed material was then allowed ~ 
to drop into the dump wagon. 

The resulting mix was very satisfactory, as all the particles of 
ageregate were thoroughly coated. The temperature of the stone in 
the weighing hopper was constantly tested by the hand, and the tem- 
perature was checked at intervals by a thermometer, as was also the 
temperature of the asphalt. No separation of the mix occurred 
during the haul, and it arrived on the work almost without exception 
at a temperature above 220° F. 
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Immediately after the mixture was cooled sufficiently to avoid 
“waving, ’’ it was rolled with an 8-ton tandem roller. A seal coat of 
approximately one-half gallon of fluxed native asphalt A to the square 
yard was then applied by hand pouring pots, as described in experi- 
ments Nos. 1 and 2. Sandstone chips approximately free from dust, 
as indicated in the mechanical analysis of Table 7, were then spread 
uniformly in sufficient quantity to fill the superficial voids, and broomed 
with rattan brooms while the roller worked. A slight excess of chips 
was applied, which soon broke up into fine particles under traffic. 


EXPERIMENT No. 4.—Brrumrnous Macapam (Mrxine METHOD); SANDSTONE WITH 
Or-ASPHALT X. 


Location: Station 28+-10 to station 38+10. 
Total length: 1,000 feet. 
Total area: 1,924 square yards. 

This experiment was exactly similar to experiment No. 3, except 
that oil-asphalt X of properties shown in Table 8 was used instead of 
fluxed native asphalt. The maximum grade on this section is 4.92 
per cent. 


ExpeRIMENT No. 5.—Biruminous MacapAM (PENETRATION METHOD); GNEISS 
witH Fiuxep Native AspHALT A. 


Location: Station 38+10 to station 50-++-45. 
Total length: 1,235 feet. 
Total area: 2,196.6 square yards. 

This experiment was exactly similar to experiment No. 1, except 
that “‘14-inch”’ gneiss was used instead of sandstone. The mechan- 
ical analysis of the crushed gneiss is shown in Table 5 and the phys- 
ical properties of the stone in-Table 4. The mechanical analysis of 
the chips used is shown in Table 7. The chips broke up into fine 
particles under traffic. 


EXPERIMENT No. 6.—Briruminous MacapaM (PENETRATION METHOD); GNEISS 
wiTtH O1-AsPHALT X. 


Location: Station 50-+-45 to station 58+45. 
Total length: 800 feet. 
Total area: 1,422.2 square yards. 


This experiment was exactly similar to experiment No. 5, except 
that oil-asphalt X was used instead of fluxed native asphalt. 


po BULLETIN 407, U. S. DEPARTMENT OF AGRICULTURE. 


EXPERIMENT No. 7.—Biruminous Macapam (Mixing Metuop); GNEISS WITH 
Om-AsPHALT X. 


Location: Station 58+45 to station 71+78. 
Length: 1,333 feet. 
Total area: 2,369.8 square yards. 


The crushed gneiss used in the bituminous mixture had the phys- 


ical properties shown in Table 4 and of mechanical analysis shown in 
Table 6. The mechanical analysis of the gneiss chips used on this 
experiment is shown in Table 7. The experiment was otherwise 
exactly similar to experiment No. 4. 


EXPERIMENT No. 8.—Brituminous Macapam (Mrxine MetuHop); GNEISS WITH 
Fiuxep Native ASPHALT A. 


Location: Station 71+78 to station 78-+65. 
Total length: 587 feet. 
Total area: 1,221.3 square yards. 


This experiment is exactly similar to experiment No. 7, except 


that fluxed native asphalt A, with properties as shown in Table 8, 


was used instead of the oil-asphalt. 


EXPERIMENT No. 9.—BritumiInous GRAVEL CONCRETE, Pit-RUN GRAVEL, WITH 
Or-ASPHALT Y. 


Location: Station 78-+-65 to station 89-++50. 
Total length: 1,095 feet. 
Total area: 2,152.1 square yards. 


TABLE 10.—Typical analyses of oil-asphalt gravel mixtures used in experiment No. 9. 


1 ig Tit. 
Per cent. | Per cent. | Per cent. 
Bitumensolubledn CS2e., a site e cat ce. ce eee oe ee ee een eee : ; vAb) 
Mechanical analysis of aggregate: 
Passing 1-inch screen, retained on $-inch screen..........--..-----.---- 
Passing #-inch screen, retained on 4-inch screen....---.--.------------ 
Passing 4-inch screen, retained on }-inch screen..........--------.---- 
Passing +-inch screen, retained on 10-mesh sieve.-.......--.-..--------- 
Passing 10-mesh sieve, retained on 20-mesh sieve.......-.-.-.---.----- 
Passing 20-mesh sieve, retained on 30-mesh Sieve.......-.-.-.-.-.--.-- 
Passing 30-mesh sieve, retained on 40-mesh Sieve..........--------.--- 
Passing 40-mesh sieve, retained on 50-mesh Sieve.......--------------- 
Passing 50-mesh sieve, retained on 80-mesh Sieve-.......-------------- 
Passing 80-mesh sieve, retained on 100-mesh sieve......-..-....--.---- 
Passing 100-mesh sieve, retained on 200-mesh sieve.........-..-.-.----- 
‘Passing: 200-mesh Sieve=:- <2. 0 - se ceap «cic cioe eee a eee eee esas 


ao 
WN OPPESWON AD en 
a) 


oO WNWONW COW ODEO =] 
i 


S| wwoenhSanorea 
00 o> £9 60 ap 


_ 


(<=) 00 C0 COFCO HR OT OTDD CO PAT 
S| owran 


— 
_ 


The gravel base for this experiment had been open to travel several 
weeks and was hard and smooth when surfacing commenced. Wher- 
ever small depressions or irregularities had developed they were 
corrected by hand picking and the application of new gravel, which 
was thoroughly rolled. 

The gravel used for the aggregate in the bituminous concrete was 
a uniform dense gravel containing much fine material, as shown by 
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the mechanical analysis in Table 6. It was taken exclusively from 
the Garfield pit, where it was excavated by steam shovel and then 


hauled 1,000 feet to a storage pile near station 95+00. It was fed 


into the mixer through a 2-inch screen. 

When the gravel was heated the clay formed a fine powder or dust 
and much of it blew away in dropping the material from the storage 
bin into the weighing hopper and from there into the mixing box. 

The oil asphalt was mixed with the heated gravel in the proportions 
of 36.5 pounds to 500 pounds of gravel. The resulting percentage 
ot bitumen by weight was approximately 6.8. Typical analyses of 
the mixture are given in Table 10. 

The method of placing the bituminous gravel concrete was exactly 
as described for the bituminous mixed macadam experiments with 
stone ageregate. The depth of spreading was approximately 3 
inches loose, and the compacted thickness was approximately 2 
inches. The mix was allowed to set from 1 to 2 hours before rolling, 
to avoid a wavy surface. 

The rolled surface before sealing presented a smooth, dense appear- 
ance, except for occasional small superficial pits. A seal coat of the 
same asphaltic material used in the mix was applied at a tempera- 
ture of about 300° F. at the rate of one-half gallon to the square yard. 
Clean pea gravel was at once spread uniformly and the surface rolled. 
The maximum grade for this section is 5.24 per cent. 


EXPERIMENT No. 10.—BrirumMinous GRAVEL CONCRETE. Pit-RUN GRAVEL WITH 
FLiuxep Native AspHAutt B. 


Location: Station 89-++50 to station 118+10. 
Total length: 2,860 feet. 
Total area: 5,445.2 square yards. 


This experiment was constructed exactly as experiment No. 9, 
except that fluxed native asphalt B was used instead of oil asphalt. 
Typical analyses of the mixture are given in Table 11. The maxi- 
mum grade is 4.08 per cent. 


Experiment No. 11.—Brruminous GRAVEL CONCRETE. Pit-RUN GRAVEL WITH 
REFINED TAR. 


Location: Station 118+10 to station 126+95. 
Total length: 885 feet. 
Total area: 1,573.3 square yards. 

This experiment was constructed exactly as experiments Nos. 9 
and 10, except that a refined tar was used throughout. The analysis 
of the tar is given in Table 9. The proportions of the mix were 43 
pounds of tar to 500 pounds of gravel, which resulted in a percentage 
of 7.92 of tar to total weight of mixture. Typical analyses of the 
mixture are presented in Table 12. 
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TABLE 11.—Analyses of typical samples of fluxed native asphalt gravel mtx used in expert- 


ment No. 10. 
T i. Tt 
, Per cent. | Per cent. | Per cent. 
Bitumen: solubleiniGS2ss: 2 2s hoe ee ee ee a eee 6. 39 7.11 7.26 
Mineral aggregate: 
Passing 13-inch screen, retained on 1-inch screen.-............--..-----|.--------- 3.3 |. 
Passing 1-inch screen, retained on #inch screen....-...--.------------ 8.9 7d | 5 
Passing 3-inch screen, retained on 4-inch screen...-.----..------------ (Pa) 12.7 9.9 
Passing +-inch screen, retained on +-inch screen......--..-----.------- 18.0 18.7 19.4 
Passing +-inch screen, retained on 10-mesh Sieve.....-...---.-- ie Pee 13.4 12:1 14.5 
Passing 10-mesh sieve, retained on 20-mesh Sieve. .........-.---------- 7.0 5.9 7.3 
Passing 20-mesh sieve, retained on 30-mesh Sieve. ..-..-...-..--------- 8.8 8.0 11.5 
Passing 30-mesh sieve, retained on 40-mesh sieve. ....-......---------- Wel 11.2 13.4 
Passing 40-mesh sieve, retained on 50-mesh Sieve.......-..--.--------- 9.3 7.4 7.3 
Passing 50-mesh sieve, retained on 80-mesh Sieve.......-...----------- 6.3 7.2 5.8 
Passing 80-mesh sieve, retained on 100-mesh sieve.-......-...---------- 1.8 -8 8 
Passing 100-mesh sieve, retained on 200-mesh sieve. --..--------------- ow 3.3 2.1 
‘Passing: 200-mesh Sievers. 2 ste ae eo oie ea ee eee 4.7 6. 7 2.8 
MOG A pes See Soy ee oh ke oe Sp = CE i nn ee 100. 0 100. 0 109.0 


TaBLE 12.—Typical analyses of tar-gravel mixtures used in experiment No. 11. 


1; Il. 


Per cent. | Per cent. 


DWOMOKMOMNNIsIS10 000 & 


Bitnmen:soluble in’ C82. 5. seh ee sae soe eee eee ae ace eke te eee eee 7.1 7. 

Mineral aggregate: 3 
Passing 2-inch sereen, retained on 14-inch screen............---.-----.-2s--seecmc|-------6-- 5. 
Passing 14-inch screen, retained on 14-inch screen...........-.-...---------------|---------- 0. 
Passing 14-inch screen, retained on 1-inch screen.........-..---.-----------------|---------- 4, 
Passing 1-inch screen, retained om 32-inch screen.......-..----- PAE aE SURES rans 13.3 4. 
Passing 3-inch screen, retained on 34-inch screen..-.........-..-------------------- 11.4 9. 
Passing 4-inch screen, retained on }-inch screen......-...------- BAI SED Des Si ib Ba 15. 
Passing 3-inch screen, retained on 10-mesh Sieve.-....--..------------------------ Beat 12. 
Passing 10-mesh sieve, retained on 20-mesh Sieve....-...--------------+--------- 8.5 7. 
Passing 20-mesh sieve, retained on 30-mesh sieve....--...----------------------- 9.6 9. 
Passing 30-mesh sieve, retained on 40-mesh Sieve.......--.---------------------- 11.0 10. 
Passing 40-mesh sieve, retained on 50-mesh Sieve......--.--.--.----------------- 8.5 8. 
Passing 50-mesh sieve, retained on 80-mesh Sieve......-------------------------- 6.1 5. 
Passing 80-mesh sieve, retained on 100-mesh Sieve........-.---.----------------- tok . 
Passing 100-mesh sieve, retained oa 200-mesh Sieve.......-..-------------------- 3.0 3. 
Passing 200-mesh'Sleve saa.c2 score cosa San es bee See ee ee nee 229 2. 


EXPERIMENT No. 12.—Brruminous GRAVEL CONCRETE. Pit-RuN GRAVEL WITH 
Om-ASPHALT Y. 


Location: Station 126+95 to station 153-++00. 
Total length: 2,605 feet. ; 
Total area: 4,711.1 square yards. 


This experiment was exactly the same as experiment No. 9. 


EXPERIMENT No. 13.—Brrumrinous MacapAM (PENETRATION METHOD). TRAP Rock 
witH OrL-ASPHALT X. 


Location: Station 153+-50 to station 163+-00. 
Length: 950 feet. 
Total area: 1,688.9 square yards. 


The base for the surface experiment was an old bituminous- 
macadam road, which was scarified, reshaped, and rolled with a 
10-ton roller. The old road crown varied from 2 to 6 inches, but 
was reshaped without difficulty. From stations 153+53 to 158+50 
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an extra depth of about three-fourths of an inch of trap was spread, 
so that the total depth of stone averaged nearly 4 inches loose. The 
‘13-inch’ crushed trap used was of physical properties and mechanical 
analysis shown in Tables 4 and 5, respectively. The oil-asphalt 
analysis is given in Table 8. The mechanical analysis of the trap 


_ screenings or chips is shown in Table 7. 


The experiment was constructed otherwise as previously described 


_ for the penetration macadam experiments with sandstone and gneiss. 


EXPERIMENT No. 14.—Bituminovus MacapaM (PENETRATION METHOD). TRAP ROCK 
witH FLUXED NaTIvE ASPHALT A. 


Location: Station 163-+-00 to station 173-00. 
Length: 1,000 feet. 
Total area: 1,777.8 square yards. 
This experiment was constructed exactly like experiment No. 13, 
except that fluxed native asphalt was used instead of oil asphalt, and 
that the extra depth of stone for the base was not required. 


Experiment No. 15.—Briruminous Macapam (Mrixine MetHop). Trap Rock wit 
Fruxep Native ASPHALT A. 


Location: Station 173+-00 to station 182+-80. 
Total length: 980 feet. 
Total area: 1,742.2 square feet. 

This experiment was constructed on the same kind of base as 
experiments Nos. 13 and 14. Trap rock of physical properties and 
mechanical analysis shown in Tables 4 and 6, respectively, and trap 
chips of mechanical analysis shown in Table 7 were used. Otherwise 
the construction was similar to that of experiments Nos. 3 and 8. 
The mixing plant was located near station 215+00. 


EXPERIMENT No. 16.—Brituminous Macapam (Mrx1ne MetHop). Trap Rock witH 
O1L-ASPHALT X. 


Location: Station 182+80 to station 192+-00. 
Length: 920 feet. 
Total area: 1,621.4 square yards. 

This experiment was constructed on the same kind of base as 
experiments Nos. 13, 14, and 15. From station 187+00 to station 
190 + 50, 84.5 tons of ‘‘14-inch”’ trap was added to the foundation in a 
uniform layer and rolled with a 10-ton roller. This spread stone was 
unfortunately traveled over for nearly 30 days and it became some- 
what rounded before the surface was laid. It was necessary to replace 
the old pipe culvert at station 189+64, and bad weather during the 
progress of the work caused considerable settlement of the adjacent 
fill before the new culvert was completed. 

The experiment was exactly like experiment No. 15, except that 
oil-asphalt was used instead of fluxed native asphalt. Mixing for 
the area between stations 182 +80 and 192+00 was done at position 
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No. 2 of the mixing plant at station 95+00, and some bituminous 
material was lost in the long haul. The analysis of the fluxed native 
asphalt is shown in Table 8. 


EXPERIMENT No. 17.—Bituminous MacapaM (PENETRATION METHOD). GRANITE 
witH Fruxep Native AspHalt A. 


Location: Station 192+00 to station 200-++00. 
Total length: 800 feet. 
Total area: 1,422.2 square yards. 

The base of this section consisted primarily of an old water-bound 
trap macadam road, which was scarified and reshaped. It was 
necessary to widen the old road an average of 2 feet. The added 
width of base was of ‘‘14-inch” granite, which was also used to 
supplement a few weak spots in the old macadam base. The entire 
base was thoroughly rolled and compacted by a 10-ton roller. No 
binder was used. 

The method of laymg the surface in this experiment was exactly 
similar to that of experiment No. 13. The materials used, however, 
were fluxed native asphalt A and ‘‘14-mch” granite. The properties 
of the asphalt are shown in Table 8, and the physical properties and 
mechanical analysis of the granite are shown in Tables 4 and 5, 
respectively. The mechanical analysis of the chips used is shown in 
Table 7. 


EXPERIMENT No. 18.—Briruminous MacapAM (PENETRATION METHOD). GRANITE 
with Om-AspHALT X. 


Location: Station 200+-00 to station 208+89. 
Total length: 889 feet. 
Total area: 1,580.4 square yards. 

The base of this experiment from stations 200+00 to 201+00 was 
similar to that described for experiment No. 17. From stations 
201+00 to 208+89 the old macadam was entirely removed to revise 
the grade, and a base of ‘‘14-inch”’ granite was laid to a loose depth 
of 6 inches and thoroughly compacted by a 10-ton macadam roller 
without the addition of any binder. 

In other particulars this experiment was exactly similar to experi- 
ment No. 17, except that an oil-asphalt X was used with properties” 
as shown in Table 8, instead of fluxed native asphalt. 


ExrerRm™MeEntT No. 19.—Brruminous Macapam (Mrixtne MetuHop). GRANITE 
WitH Om-AspHALT X. 


Location: Station 215+-28 to station 225+-10. 
Total length: 982 feet. 
Total area: 1,728 square yards. 
The base of this experiment was an old water-bound trap-rock mac- 
adam road, rather badly out of shape. It was scarified and reshaped _ 
from station 219+00 to the end of the experiment. From stations | 
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215+28 to 219+00 it was necessary to remove entirely the old mac- 
adam base to correct the profile, and a new base was built of ‘‘14- 
’ granite spread to a loose depth of 6 inches and rolled with a 
10-ton roller until compacted, without the addition of any binder. 
The surface was exactly similar to that in experiment No. 16, 
except that the stone was granite, with physical properties and 
mechanical analyses as shown in Tables 4 and 6, respectively. The 
mechanical analyses of the chips used are shown in Table No. 7. The 
percentage of the weight of asphalt to the total weight of asphalt and 
stone was 6.73. The mixing was done near station 215+00. 


EXPERIMENT No. 20.—Biruminous Macapam (Mrxine Meron). GRANITE 
witH FLruxep Native ASPHALT A. 


Location: Station 225-++10 to station 235++50. 
Total length: 1,040 feet. 
Total area: 1,866.7 square yards. 

The base of this experiment was an old trap-rock water-bound 
macadam road, which was scarified and reshaped. Considerable 
extra stone (‘‘14-inch”’ granite) was added from stations 229+00 
to 234+00 to supplement weak places in the old macadam. 

The surface was laid exactly as in experiment No. 19, except that 
fluxed native asphalt of the analysis shown in Table 8 was used 
instead of oil-asphalt. 


SUMMARY OF COST DATA FOR ENTIRE PROJECT. 


The cost data for the experiments described above are presented in 
the tables which follow, Nos. 13 to 23. 


TABLE 13.—Cost data for subgrade. 


[Subgrade, stations —(1+-61) to 235-++50.] 


Clearing a Scarifying 

Ttems. and pee Shaping. and Rolling. Buberade, 

grubbing. : reshaping. Doe 
Acres. | Cubic gars: Square yds. | Square ue Square yds.| Square yds. 
ET 5. 0000 28,575 45, 835 11,378 57, 213 142,111 
Labor. Be somialetenioes eee es Soe $125.57 | $8,237.71 | $3,035. 83 $348. 17 $72.74 | $11,820.02 
287. 05 6. 80 30. 55 324. 40 
NOT nee en 125.57 8,524. 76 3, 035. 83 354. 97 103.29 12, 144. 42 


——oSSS | eae Sw so oOE=E==EEE_eSaS™"_«_PIUaNNLaQa5—_o507_50303<—3Y‘“S EQ —— 


f Acre. Cubic yard. Square yard.|Square yard.|Square yard.|Square yard. 
Mipinicastes) 820) o82 |: e242! $25. 114 $0. 2983 $0. 0662 $0. 0312 $0. 0018 $0. 2884 
Per cent of total cost.......... <22 15.24 5. 42 . 64 .19 21.71 


1 Does not include shoulders. 
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TABLE 14.—Cost data for gravel shoulders. 
[Gravel shoulders, stations —(1+61) to 235-+50.] 


Gravel 


Gravel in Loosen 2353 Tests a 
Items. : Haul. Spread. Rolling. | shoulders 
pit. and load. complete. 
Tons. Tons Tons Square yds. Squaty yas. Square oo 
Quantity. “Ye eee OR4E5O "| Feeea ee Bietlin Tae: 5, 220 ie 
Tabors:c532.8 282 ese e shee leo. CE $85. 23 $293.07 $111.17 $7.50 34960: oF 
Materials Sasi pees aie a ne $65. 64 SAME: gee ele See ee 3.15 73. 
RObAL AS? ees ao eee 65. 64 90.33 293. 07 TESS yf 10. 65 570. 86 
Cost per square yard...-....-- $0. 0126 $0. 0173 $0. 0561 $0. 0213 $0. 0020 $0. 1093 
Per cent of total cost.......... 2 ail soz - 20 .02 1.02 


TABLE 15.—Cost data for draingge structures. 


[Drainage, stations —(1+61) to 235+-50.] 


Concrete | Concrete} Pipe French | Cobble Open | Concrete} Drainage 
Ttems. bridge. | culverts. | culverts.| drain. drain. drain. gutter. | system. 


Cu. yds. | Cu. yds. placa de Linear ie Linear ft.| Linear ft.| Cu. yds 


QuantityAns...)602 219.22} 127.87 162 | 3,850 ln 46.54 |_-. ae 
Tabor. saat $1,453.12 | $738.16 | $477.74 | $508.39 | $69.99 | $116.42| $138.60 | $3,502. 42 
Materiais...... 0" 1,879.44| 807.95| 684.08] 217.73 }.......... 22.60} 173.27 | 3,875.07 

otal 3,332.56 | 1,636.11 | 1,161.82 | 726. 12 69.99 | 139.02) 311.87 | 7,377.49 
Per cent of total cost.| 5.96 2.92 | 2.07 | 12 ~~ | 56 13.18 


1 718 linear feet. 
TABLE 16.—Cost data for incidentals. 


[Incidentals, stations —(1+61) to 235+50.] 


2 : : Bound- 
Superin-| Equip- | Extra Guard Waste | Miscella- y Total. 


Ttems. p : ar 
tendence.| ment. work. rail. bitumen.| neous. Shanes 
TApOrs ees .oceaesces $2,544.91 |.......... $709.84 | $440.74 $16.49 | $396.65 $42.16 | $4,150.79 
iMaterigise: o.oo ne eee ees eee eeee 158. 72 517.35 573.19 32.55 17.85 1, 299. 66 
Interest, rental, de- 
DICCIALIONS fee eel asee ene $3, 120. (19 eee | catalina. a|lnoes USERS. [nee once eee 3, 120.71 
AWE Ee ee aes 2,544.91 | 3,120.71 868. 56 958. 09 589. 68 429.20 60.01 | 8,571.16 
Percent oftotalcost.| 4.55 5.58 1.55 1.71 1.05 .76 11 | 15.31 
TABLE 17.—Cost data for foundation course. 
[Foundation course, stations —(1+61) to 235+50.] 

; Loosen Founda- 

Items. Material. Haul. | Spread. | Rolling. | tion com- 
and load. plete 

i : Tons. Tons. Tons. | Sq. yds. | Sq. yds. | Sq. yds. 
Quantity enct 5 rete epee eee 9,736.68 | 1,675.32 | 1,675.32 [41,886.90 |41, 886.90 | 41,886.90 
EDOM 2s Pte she ce is Ase ec eee ee eee $807. 94 |$1,694.02 | $756.01 | $134.75 | $3,392. 72 
Maborigle®s 0500 ee. SE Ee ee ee $1, 573. 15 AL GA oes cee eee 56.51 | 1,671.31 
THtal Ieee ee eee 1,573.15 849.59 | 1,694.02 756. 01 191. 26 5, 064. 03 
(Cost per'square yard 2.2 ta oe 0. 0376 0. 0203 0. 0404 0.0180 0. 0046 0. 1209 


Percent of total costissese ee 22 eee eee sil 1. 52 3.03 1°35 .30 9.06 
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TABLE 18.—Cost data for surfacing. 


[Surfacing, stations —(1+61) to 235 +50.]! 


Spread- ‘ Applica- Surfac- 
Items. Seon ing ee daa of | Rolling. | ing, com- 

7 stone. *| bitumen. plete. 

Tons. Tons. | Gallons. | Sq. yds. | Sq. yds. | Sq. yds. 
(| TULRUWE COR BeSE BSS Jeane Sco seceeSneenrace 5, 735. 68 | 5, 735. 68 90,557 142,111.90 |42, 111.90 | 42,111.90 
oe Lo REA NR ARNO? 2 eee a eee $2, 139.58 | $944.82 | $209.26 [$3,588.30 | $213.34 | $7,095. 30 
SSL ES a EN eS Se GEGOIL OSE | A ee 8,274.42 | 180.32 89.25 | 15, 145.97 
TNOUENS Ses RRM ee SS). Bs Ae SG A ae 8, 741. 56 944.82 | 8,483.68 | 3, 768. 62 302. 59 | 22, 241.27 

Ton. Ton. Gallon. | Sq. yd. Sq. yd. | Sq. yd. 
7 7) BOSS SQ Che See ea ene ee $1.5240 | $0.1647 | $0.0937 | $0.0895 | $0.0072 $0. 5281 


Per cent of total cost...............--.---- 15. 62 1. 69 15. 16 6. 73 .04 39. 74 


1 Average over all experiments. 


TABLE 19.— Materials and cost data per square yard for bituminous macadam by the 
: penetration method. 


io Description. Quantity of material. 
a 
=| Station. ae 
‘ee 2 ng A f * Pe 
® Tea O . Bitu. 
= Stone. Bitumen. eee section: Stone. | Chips. mien’ 
a : 
Feet. Se yards. | Tons. | Tons. \Gallons. 
1 —(1+61) to 5+00 | Sandstone | Asphalt A..... 661 , 202.22 | 0.134] 0.022 2.17 
2 5+00to 18+00 |..-do.......| Asphalt X....| 1,300 2, 599. 67 . 134 . 022 2. 04 
5 38+10to 50+45 | Gneiss....| Asphalt A.....| 1,235 2,195. 56 . 098 018 2. 03 
6 50+45to 58445 |...do.......| Asphalt X.... 800 1, 422. 22 . 098 018 2.12 
13 153+00 to 163+-00 | Trap......|....- (Ko ae a 950 1, 688. 38 . 122 - 033 2.03 
14 163+-00 to 173+00 |...do.......| Asphalt A..... 1,000 1,777.78 <122 - 033 2. 02 
17 192+-00 to 200+00 | Granite...}....- Gore asee: 800 1, 422. 22 117 . 025 2.12 
18 200+00 to 208+89 |...do.......| Asphalt X.... 889 1, 580. 45 cally? . 025 1.92 
_ 
A Cost per square yard (cents). 
a S) 
i Station. 
3m Stone | Unload- | Haul | spread- | Chips on| Unload- | H28" | spread- 
i siding. ing stone. stone, | 128 stone.| siding. | ing chips. chips. ing chips. 
1)] —(+61)to 5400] 30.66 |.......... 8. 61 1.45 Eyer) ee a a 1,44 1.55 
2 5+00 to 18+00} 30.65 |.......... 8. 60 1.43 Sel Vel eceek astee 1.43 ADT, 
5 38+10to 50445 | 11.78 |.......... } 1.89 72 2 AO Ses Be 34 1. 84 
6 50+45to 58+45] 11.78 |.......... 1.90 75 PAM ets ai 4 1.89 
153-+-00 to 163+-00 | 15.25 2.21 3.05 89 6.14 0. 60 83 U7, 
14 163+00 to 173+00 | 15.24 2. 21 3.05 . 89 6.14 . 60 . 83 1.78 
17 192+-00 to 200+00 | 16.75 1.89 4.10 1.91 3. 55 40 . 87 1, 24 
18 200+-00 to 208+89 | 16.75 1.90 4,11 1.91 3. 56 40 87 15.25 
S Cost per square yard (cents). 
Se 
5 
Station. Loadin Rolling | Rolling 
zl Bitumen | Hauling| and : auely penetra- | penetra-| Total 
a on siding. bitumen. | heating aes tion ion and] cost. 
g bitumen. "| stone. seal. 
1 —(1+61)to 5-+00 26. 71 50 1.70 1.78 21 Al 80. 13 
2 5+00 to* 18-+00 13. 27 47 1.59 1. 67 22 .42 66. 43 
5 38+10to 50+45 24. 95 47 1, 26 1.85 12 42 47. 74. 
6 50+45 to 58445 13. 78 49 1.32 1.93 .13 44 36. 85 
13 153+00 to 163+-00 13.16 47 1, 29 1.50 56 . 69 48, 41 
14 163+00 to 173+00 25. 51 -47 1.39 1.62 56 - 69 58. 98 
17 192+-00 to 200+-00 26.93 -49 1,71 2. 02 50 . 68 63. 04 
18 200-++00 to 208-+.89 12. 52 44 1.55 1, 84 50 . 69 48, 29 
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TABLE 20.—Total materials and costs for bituminous macadam by the penetration method. 


Quantity of material per 


So 
a Description. Square yard. 
=| 
q Station. ee 
= et 
g, Stone. Bitumen. | of sec- a of sec-| stone. | Chips. (Bitumen. 
tion. ane 
& 
Feet. Sq. yds. 
1 |—(1+61)to 5+00/} Sandstone} Asphalt A .. 661 | 12,102.22 
2 5+00to 18+00 |...do......| Asphalt KX ..} 1,300] 22,599.67 
5 | 38+10to 50+45]| Gneiss....| Asphalt A ..| 1,235 2,195.56 
6 50+45to 58+45 |..-.do.....| Asphalt X.. 800 1, 422. 22 
13 | 153+00 to 163+00 | Trap..-.-...|-.- Oe: 950 1, 688. 88 
14} 163+00 to 173+00 |...do......| Asphalt A .| 1,000 1,777.78 
17 | 192+00 to 200+00 | Granite..-}..... Gol e=s-" 800 1, 422. 22 
18 | 200+00 to 208+89 |...do......}| Asphalt X.. 889 1, 580. 45 
Total 22 2552|.252 SR 2. eee 7,635 | 13, 889.00 
S 
7, Total costs. 
~~ 
S: 
I Station 
& a ; a : : : 
& Stone on an Haul Spread- waies Unload Be Spread- 
EB siding. | stone. | stone. | mgs Stone. ing, | 28 chips chips ing chips. 
1 —(1+61)to 5400] $368.55 |..-....- $103. 42 $17-46;,|,$61-42 | hee $17.34 $18.73 
2 5+00 to 18+00 B96: 92 tee aoe 223.53 SYED) | BPA) | ee seer se 37. 26 40.72 
5 38+10to 50+45 258: 58 io. fence 41.65 AS27031 2°465 06 eee 7.41 40.41 
6 50+45 to 58+45 167243i)2.2<e5=2 27.07 10569 ul ee-29833)| Ses 4.89 26. 94 
13 153+00 to 163-+-00 257.59 | $37.32 | 51.49 15.04 | 103.64 $10.14 | 13.99 29.88 
14 163-+00 to 173+00 271.07 | 39.27} 54.17 15.84 | 109.48 10.71 | 14.79 31.59 
17 192+ 00 to 200+00 238.14 | 26.92] 58.24 27.21 | 50.44 5.69 | 12.32 17.67 
18 200+00 to 208+89 264.58 | 30.02] 64.96 30.16 | 56.17 6.39) 13.81 19. 81 
Totales. 53-2 2, 622.86 | 133.53 | 624.53 169. 20 | 589. 86 32.93 | 121.81 225. 75 
re) 
z Total costs. 
— 
5 | : 
= Station. ! Loading Rolling | Rolling 
a Bitumen | Hauling | and heat-| Applying) penetra- | penetra-| Total 
g on siding.| bitumen.) ing bitu-|bitumen.| tion, | tionand| cost. 
a men. stone. Seal. 
i) 
1 —(1+61)to 5+00] $321.03 $6. 03 $20.41 $21.41 $2.52 $4.89 $963. 21 
2 5+00to 18+00 345.15 12.27 41.43 43.48 5. 64 10.88 | 1,727.19 
5 38+10to 50+45 547.97 10.29 27.74 40. 53 2.67 9.28 | 1,048.30 
6 50+45 to 58+45 195. 97 6.97 18.81 27.47 1.78 6.19 524.04 
13 153+00 to 163+-00 222.30 7.90 21.81 25.35 9.51 _ 11.67 817.63 
14 163+00 to 173+00 453.60 8.32 24.70 28.75 10.01 12.30} 1,084.60 
17 192+00 to 200+00 382. 91 6.97 24.25 28.79 7.07 9.74 896. 
18 200+00 to 208+89 197.86 7.03 24.43 29.01 | 7.84 10. 85 762. 92 
Potall 2225 2, 666. 79 65.78 203.58 244.79 47.04 75. 80 7, 824.25 


1 Includes 27 square yards end of cut-off north. 


2 Includes 289 square yards end of cut-off south. 
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TaBLE 21.— Materials and cost data per square yard for bituminous macadam by the mixing 
method, and bituminous concrete surfaces. 


6 ie Quantity of material per 
A Description. square yard. 
q 
q Station. 
2 Length Rrenlof Binder| Seal 
5, Stone. Bitumen. of section, | Stone. | Chips. | bitu- | bitu- 
a section. 2 men. | men. 
Feet. | Sq. yds. | Tons.| Tons. |Gallons.|Gallons. 
3 | 18+00to 28+10]| Sandstone} Asphalt A.-.| 1,010] 1,867.78] 0.143] 0.020 1.66 0. 48 
NE fe eae ted pera ee chee Ped ed eed | 
SSS os yals aeee Balsa os , 369. : 4 , s 
8 Dae to eiaee ..-do.......| Asphalt A... ‘ oe 1, 221.33 - 108 -013 1.58 .02 
m9 8+65 to 89+ 8 
Palace ois co \Gravel ...-| Asphalt Y... { 6 \6, 863.22| .140| .007| 1.96 50 
10] 89+50 to 118+10 |..-do.......| Asphalt B...] 2,860 | 2, 445.22 .114 . 007 1.54 -48 
11 | 118+10 to 126495 |...do.......| Tar......... 885 | 1,573.34 - 130 - 007 1.79 . 50 
15 | 173+00 to 182+80] Trap...... Asphalt A... 980 | 1, 742. 22 .118 . 023 1.57 -50 
16 | 182+80 to 192+00 |...do.......]| Asphalt X.. 920 | 1,621.34 .119 - 024 1.54 - 46 
19 | 215+28 to 225+10 | Granite...]..... dorssee 982 | 1,728.00 . 085 -014 1.75 - 96 
20 | 225+10 to 235+-50 |...do.-.....| Asphalt A-..] 1,040 | 1,866.67 - 085 .014 1.74 ol 
S Cost per square yard (cents). 
3 3 : 
Station. Un- : Un- Binder |Hauling| Seal 
g plone load- |Hauling up S load- |Hauling) bitu- | binder| bitu- 
e dil ing stone. | din ing chips. [men on} bitu- |men on 
x 8-1 stone 8-| chips. siding.| men. | siding. 
a 48-00'to 284-10) 32.85 |2.2-. 0. OTSA Al Gbu| ei vol. 1.30| 20.44] 0.38 5.90 
4} 28+10to 38+10] 31.29 }.......... 8.78 PRS be Oe Ne V.27))- 10532 37 3.31 
7| 58+45to 714+78] 13.54 ].......... 2.92 AGA ees ae -36 | 10.31 36 3.31 
8 pee to eae? Oo eons si cta ne 2.92 Day ie eee a 36 19. 43 238 6. 40 
9 8+65 to 89+ r 
Bato 3 3c \ 94 Teal Da sas OB) seams (lace ae 74) 11.56) .45| 2.95 
10 | 89+50 to 118+10 . 76 86 1.80 MAGN Piste pee ae) 19.56 -36 6.10 
11 | 118+10 to 126+95 -87 -98 2.05 Bs Psyy tas weeny ela 715 17.92 41 5.00 
15 | 173+00 to 182+80 | 17.08 1.96 1.22 4.32 0.39 .24) 19.98 -36 6.35 
16 | 182+80 to 192+00; 17.19 1.98 1223 4.36 .39 -24}] 10.02 36 2.99 
19 | 215+ 28 to 225+10 | 12.15 1 se Lh Sa ace 1.98 593} sok 11.34 . 40 3.64 
20 | 225+10 to 235+50 | 12.15 LA pes ee 1.98 «23 -d1 |. 22.10 . 40 6. 48 
g Cost per square yard (cents). 
q 
Station. Hauling 
5 seal Heating Hauling Spread- a oMine Applying ate Rolling} Total 
ry eee mixing. mix. | mix, | ™X- | bitumen. chips. seal. | cost. 
3) 
3] 18+00to 28+10| 0.11 Gi88/65.26)) 1.19] 0.24 0.55| 0.52] 0.08) 988.98 
4] 28+10to 38+10 .12 6.33 5.19 lily Rey) . 60 .O4 eel 74, 27 
7| 58+45 to 71+78 .12 6.77 3.02 1.02 34 91 .80 15 45.57 
8 ae to 78+65 12 6.77 3.02 1.02 .33 94 - 80 .14 57.81 
9| 78+65to 89+50 
12 | 126+95 to 153-400 \ 12 7.02 2.71 1.17 .39 . 84 - 46 14 33.54 
10 | 89+50 to 118+10 -11 7.02 250 1.17 .39 82 - 46 -13 43.74 
11 | 118+10 to 126+95 ~12 7.03 PY) 1.17 - 40 - 86 .45 14 41.62 
15 | 173+00 to 182+80 ~ 12 6.57 4.50 sl? .38 .00 Ot ail 65.77 
16 | 182+80 to 192+-00 eel 6.59 4.53 1.12 38 | - 50 ay | -10 52. 66 
19 | 215+28 to 225+-10 13 10. 05 5.51 2.98 1.09 1. 67 .83 .54 54. 26 
20 | 225+10 to 235+50 ~ 12 10. 01 5.48 2.96 1.09 1.64 .83 .O4 67. 73 
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TaBLE 22.—Total materials and costs for bituminous macadam by the mixing method 
and bituminous concrete surfaces. 
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& Peseria ia Quantity of material per square 
~ yard. 
=| 
g Station. 
= Length Binder} Seal 
2. Stone. | Bitumen. | ofsec- sree Stone. | Chips. | bitu- | bitu- 
= tion. men. | men. 
Feet. | Sq. yds. Tons. Tons. | Gails. | Galls. 
3 18+00 to 28+10 | Sandstone | Asphalt A..} 1,010 | 1,867.78 267.54 | 37.56} 3,104 896 
= 28+10 to 38+10 |}... do Ee aS Asphalt X-| 1,000 | 1,924.00 262.92 | 38.22] 3,055 981 
if 58+ 45 to 71+78 | Gneiss...-}..... do......| 1,333 | 2,369.78 256.70 | 31.64 | 3,759 1, 208 
8 Ue Pie A Gas ec (as Asphalt A.. 687 | 1, 221.33 132.32 | 16,30] 1,929 635 
9 78+65 to 89+ 1,085 
a ScRa ais \Gravel ...-| Asphalt ¥.l{ } pe \6, 863.22 | 969.60} 47.09 | 13,442 | 3, 431 
10 89+50 to 118+10 |...do...... Asphalt B..| 2,860 | 5, 445. 22 618.20 | 37.23 | 8,388 2,614 
11 | 118+10 to 126+95 |...do...... ate aeseeee 885 | 1,573.34 204.10} 10.68] 2,818 786 
15 | 173+00 to 182+80 | Trap...... Asphalt A. 980 | 1, 742. 22 205.14 | 40.72 | 2,740 871 
16 | 182+80to192+00 |...do...... Asphalt X 920 | 1,621.34 192.18 | 38.07] 2,500 746 
19 | 215428 to 225+10 | Granite...|..... dozens: 982 | 1,728.00 146.84 | 23.89 | 3,016 968 
20 | 225+10 to 235+-50 |...do...... Asphalt A..| 1,040 | 1, 866.67 158.66 | 25.81 | 3,249 952 
TOtal SS alee eee oe eee ee oe el oer 3, 414. 20 | 347.21 | 48,000 | 14,088 
é Total costs. 
a 
=| Haul- | Seal 
>) : . aulll- 
£ SEH Stone on |, Un-_| Haul-| Chips | Un- | Haul- | Binder | “ing | pita. 
dan loading} ing on j|loading} ing = binder | men 
a 8- | stone. | stone. siding. | chips. | chips. sidan bitu- on 
G 8- | men. | siding, 
3 18+00 to 28+10 | $613.67 |.......- $171. 50 | $86.01 |.......- $24.31 | $381.79 | $7.17 | $110.21 
4 28+10to 38+10 602. 00 seee ee LOS OSE Siao2 jes ease 24. 51 198. 58 7. 06 63. 76 
7 58+45 to 71+78 Sy ite y/( al Beeesiaas 6915) 1 23892 joss ce.2 2 8. 68 244, 29 8. 69 78. 52 
8 71+78 to Bie 1655415 | 2S Bost 4 20500" eeeee > 4. 36 237. 27 4, 46 78.10 
9 78+65 to 89+50 ry r > S 
12| 126495 to 153-4460 \ 64. 64 | $72.92 | 158.42 | 52.27 |..--...- 50. 59 793.08 | 31.06 | 202.43 
10 89+50 to 118+10 41.21 | 46.50) 97.81 | 41.33 |....-..- 39. 82 | 1,065.15 | 19.38] 331.98 
il 118+10 to 126+-95 13.61 15 SS0 |) Co 2eok | Ma SoNeeeee ee 11. 84 281. 80 6. 51 78. 60 
15 173+00 to 182+-80 297.45 | 34.19 | 21.36 | 75.33 | $6.79 4.18 347. 98 6.33 | 110.62 
16 182+-80 to 192+-00 278.66 | 32.03 | 20.02} 70.43 6. 35 3. 92 162. 50 5. 78 48. 49 
19 215+ 28 to 225+10 DOO FOS sl 24 SA Ne 34. 16 3.97 5. 40 196. 04 6. 97 62. 92 
20 225+10 to 235+50 220. SON 20s oe) Ie eee 36. 91 4.31 5. 85 412. 62 7.51 | 120.90 
Total.........] 2,834.48 | 251.66 | 770.24 | 554.78 | 21.42 | 183.46 | 4,321.10 | 110.92 l1, 286. 53 
s Total costs. 
Z 
rE Haul- Apply- 
=I Station. ing | Heating Beni Spread-| Roll- ing |Spread-| Roll- Total 
ie seal and ie 8 ing ing seal ing ing cost. 
ra bitu- | mixing. ; mix. | mix. | bitu- | chips. | seal. 
iA men men 
& 
3 | 18+00to 28+10]| $2.07} $119.21 $98. 21 | $22.22} $4.47 | $10.15 | $9.63 | $1.49 | $1,662.11 
4} 28+10to 38+10 2. 27 121.77 99.79 | 22.58 6.18 | 11.55] 10.32 2.06 | 1,428.97 — 
7 | 58+45 to 71+78 2.79 160. 39 71.65 | 24.15 7.99 | 21.51} 18.98 3.53 | 1,080. 11 
8 | 71+78to 78+65 1. 47 82. 63 36.91 | 12.44 3.99 | 11.46 9. 78 1.76 705. 83 
12 | 18 se torssoo |t 7-93] 481.88] 185.98] 80.53] 27.10] 57.78] 31.44] 9.24] 2,302.29 
10 | 89+50 to 118+10 6. 04 382. 11 147.42 | 63.83 | 21.33 | 45.45 | 24.85 7.29 | 2,381.50 
11 | 118+10 to 126+95 1. 82 110. 60 42.72 | 18.49 6.27 | 13.60 7.13 2.15 654. 65 
15 | 173+00 to 182+-80 2. 01 114. 51 78.47 | 19.47 6. 60 8.72 9.91 1.85} 1,145.77 
16 | 182+80 to 192+00 1. 72 106. 90 73.41 | 18.21 6.18 8.05 9. 32 1.70 853. 67 
19 | 215+ 28 to 225+-10 2. 24 173. 63 95.17 | 51.46] 18.74] 28.85] 14.33 9. 37 937. 57 
20 | 225+10 to 235+50 2. 20 186. 85 102.27 | 55.31] 20.31] 30.65] 15.49| 10.15] 1,264.55 
Total.......] 32.56 | 2,040.48 | 1,032.00 | 388.69 | 129.16 | 247.77 | 161.18 | 50.59 | 14, 417.02 
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PRICES OF LABOR AND MATERIALS, 


The above cost data are based upon the a unit susie, for 
labor and for materials (f. 0. b. nearest siding): 


os es 


CO CONT OD Ore Wb 


Common labor, per day, $1 to $2. 
Skilled labor, per day, $2.50 to $3. 
Teams, per day, $4 to $4.50. 
Foremen, per day, $2 to $2.50. 
Carpenters, per day, $2.25 to $4.50. 
Rollermen, per month, $65 to $75. 


Mixing-plant engineer, per month, $80. 


Motor-truck drivers, per month, $100. 


Steam shovel engineer, per month, $150. 


Foremen, per month, $75 to $150. 
Timekeeper, per month, $80. 
Superintendent, per month, $150. 
Sandstone, all sizes, per ton, $1.37. 
Gneiss, 14-inch, per ton, $1.21. 
Gneiss, #-inch, per ton, $1.25. 
Gneiss chips, per ton, $1.85. 
Trap, 14-inch, per ton, $1.25. 
Trap, 2-inch, per ton, $1.45. 

Trap chips, per ton, $1.85. 
Granite, all sizes, per ton, $1.43. 
Gravel, pit-run, per ton, $0.06. 
Gravel, pea, per ton, $1.11. 


Asphalt A, per gallon, $0.123 and $0.127. 


Asphalt B, per gallon, $0.127. 

Asphalt X. per gallon, $0.65. 

Asphalt Y, per gallon, $0.059. 

Refined tar, per gallon, $0.100. 

Cement, per barrel, $1.65. 

Washed gravel, per ton, $0.95. 

Sand, per ton, $0.83. 

Lumber, per thousand, $17 to $26. 

Reinforcing steel, per pound, $0.02. 

Coal, per ton, $3.75 to $4.25. 

Wood, fuel, slabs, per load, $1. 

Cast-iron pipe, 10-inch, per foot, $0.75. 

Cast-iron pipe, 12-inch, per foot, $0.85 
and $0.88. 

Cast-iron pipe, 16-inch, per foot, $1.16. 

Cast-iron pipe, 18-inch, per foot $1.58. 

Corrugated-metal pipe, 15-inch, per 
foot, $0.662, $0.67, $0.995%, and $1.00. 

Corrugated metal pipe, 18-inch, per 
foot, $0.65, $0.78}, and $1.15. 

Corrugated metal pipe, 24-inch, per 
foot, $0.93¢ and $1.26. 


Additional items of depreciation, repairs, interest, and rental on equipment: 


| | SUBSIDE SLO ELS Sos ete eM I a eee $735. 00 
i} imdustialrallwayequipments.: 22.02.60. 0.5 02.2 ...052..0022 22. 200. 00 
) | TEs Glithiere se hints oo meting ea as Ren aa Oe A 50. 00 
| IV TSFEE OE OMNI ES LS NS oe aa nL eee ee ee ee ee A a 651. 21 
| ienemarlomequipment. (202 940 Pn eo dae cea le 2. 208. 00 
Siglliaw:. | tv 2 20 ae Ge eel aga eee eee 750. 00 
NY UROL oc, 6 5 3 Gas Shalem Soca at ei Ie a Ge a ase ane aE 105. 00 
Plowsescamhuer, hand tools, scalesst)!.2.o20 22.52. eee 421. 50 


Table 23 gives the results of a traffic census taken before and after 
improvement of the road. 


Loaded 1-horse wagon................-...--.---- 
Unloaded 1-horse wagon..................------- 
Woaded)2-horse wagon 22. fees leet ee 
Unloaded 2-horse wagon......................-.-- 
Loaded 4-horse wagon..................-.------- 
Wnlosded'4-horse wagon 2.525.222.2222... eee 

1-horse pleasure vehicle.................-...----- 
2-horse pleasure vehicle...................------- 
Rubber-tired horse vehicle................-.---- 
PemOMOLSeMe seme tes ee Ee 
WOW QYELO. 8s SASS ee Ane ene ea ee 
Excessively heavy vehicle.............-..------- 
MOLOT GUM ADOUTR Ap ack yt e ieee Noack 2 oboe 
NGLOTMmUOUnING CAT eer eo 
Woadedwmoton drayee.. el iicc cco «See esienae st): 
Wimpaded=noborndray. : 2 .\. 052-2205... eee 


1 Average of 8 days in March and 7 days in June, 1915. 


TaBLE 23.— Volume and character of traffic on Mount Vernon Avenue at Mount Ida. 


Average before | Average after 
improvement.! | improvement.? 


North. | South. | North. | South. 
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2 Average of 7 days in December, 1915. 
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EXPERIMENTS ON FALLS ROAD, MONTGOMERY COUNTY, MD. 
SURFACE TREATMENT (OILS, TAR PREPARATIONS, REFINED TARS). 


In the summer of 1913 a series of bituminous surface treatments 
was applied to Rockville Pike in Montgomery County, Md. The 
original report of these experiments is given in U. S. Department of 
Agriculture Bulletin No. 105 and a subsequent report of behavior 
was made in Department Bulletin 257. In order to make it possible 
to check the data secured from several of these experiments, another 
series of comparative test sections was constructed on the Falls 
Road, leading from Rockville to Potomac, Md. In the Falls Road 
series, sections 1, 2, 4, and 5 were treated with bituminous materials 
similar to those used on Rockville Pike sections 3, 5, 2, and 1, respec- 
tively. The coal-tar preparation selected for Experiment No. 3 on 
Falls Road had not been used in any previous service tests in this 
vicinity. Conditions surrounding the two experimental roads are 
much the same, except that traffic is lighter and the proportion of 
horse-drawn vehicles greater on the Falls Road. 

The specifications prescribed a uniform application of one-half 
gallon of bituminous material per square yard, but the amount was 
varied according to the surface condition of the several sections. The 
road surface was dry when the applications were made, and fine 
gravel was used to cover the bituminous material. The mechanical 
analysis of the gravel used is given in Table 24. 

The bitumen was transported to the road and spread by means of 
two 1,200-gallon automobile distributors equipped with speed and 
pressure gauges. The length of the nozzle-line was so adjusted that 
one-half of the width of the road was sprayed at one time. The 
nozzles were of the right-line type, from which the bitumen was ap- | 
plied in a fan-shaped spray under a uniform pressure of approximately 
25 pounds. 

The Falls Road was reconstructed in 1913, and surfaced with 
water-bound macadam 15 feet wide. [Early in the summer of 1915, 
when the experimental test sections were planned, the macadam 
surface had become thoroughly compacted, and, with a few excep- - 
tions, was smooth, free from ruts or depressions, and in good condi- 
tion to receive the bituminous material. In August the contractor — 
distributed all the gravel required for the work with a two-ton motor 
truck before he began the application of the bituminous materials. 
The action of this truck was so severe that when the gravel had been 
distributed, the water bond in sections 1, 2, and part of 3 was com- 
pletely broken, and several weak places in the foundation in section 
2 had formed. The latter were repaired, and an effort was made to 
reestablish the water bond. Owing to the protracted drought and 
the disturbing action of traffic, this work was only partially suc- 


— 
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-eessful. The condition of the surface of each section at the time of 


treatment is discussed in detail in connection with each experiment. 


| The cost of this repair work was $70. 


Experiment No. 1 begins at the city limits of Rockville, and the 
remainder of the series follow in regular numerical order. The 
details of the work are subjoined. 


TaBLE 24.— Mechanical analysis of gravel used on Rockville-Potomac Road. 


Per cent. 

Passing ?-inch screen, retained on $-inch screen...............--...2.-.2-200- 9.8 
Peeemice, nen screen, retained on t-inch screen. <2 2222222) 2!.205 0222022208 62. 2 
Passing $-inch screen, retained on }-inch screen. ................222..----2--- 2502 
5 SELL SRSTUTEVE) SIGUE a oS pe Ue ce a a ree ga 2.8 
Sra ee i eee ee ee ye cle wna oe Chis Beale eR OES 100. 0 


EXPERIMENT No. 1.—AsSPHALTIC PETROLEUM, CoLpD APPLICATION, CORRESPONDING 
TO EXPERIMENT No. 3, ON ROCKVILLE PIKE. 


Location: Station 0-++00 to station 4545+-75. 
Length: 4,575 feet. 

Total area: 7,625 square yards. 

Date of application: September 23 and 24. 
Temperature of petroleum: About 90° to 100° F. 


TABLE 25.—Analysis of asphaltic petroleum used in Experiment No. 1. 


Beem OT AN A a Ome ct he, IES a. Sialapuecroiaes mnyw = ernie aye sjacciniauierdie 2 aioe 0. 944 
SRE: DRI SG Ge A ae mr Rf ene 26 
pePURE NOT a Cee ee ee Vel ee ew ee ee es 90 
Seeetiyeeenelonr oc. Cabo O., Specliic.......2.-2-..2- 22 eee tee eee 86. 6 
Meee, oo oursat 16320. 20'grams, percent). ...22 8.00. 022.0222. l eee 26. 54 
eeratest Onerestdue anjo0; ©. (time) i225 fsa. sicily... tad 24,074 
Bencent of total bitumen insoluble in 86° B: naphtha. ...----..-......-------- 18.70 
| ll CRIN OOUTL, [ORL GRIM gs ce ee rn 7.93 
Peet Cor(totalbivumen): percent.o.2. 2... 6064. ee bee ee ob eee ee 99. 94 
Percmstrenni ere tnsol nolo. en cemts chk wo. Sock ob epee she Jee eee . 06 
Pee aralenimiavenmsoluple. percent... 0). 262... lle see eee cee eee ee eee . 00 
“POUL S Se Sa cc FS LRA ie al al ene rey 100. 00 


Except for a few short sections, the total length of which did not 
exceed 300 feet, the stone in the surface of Experiment No. 1 was loose 
and covered with a layer of dust. The surface was swept lightly to 
avoid displacing the stone, and masses of undesirable matter were 
removed with hoes and shovels. In order to facilitate the adhesion of 
the petroleum to the dusty stones, much hand-brooming was required. 
The oil was permitted to lie for about 2 hours before the gravel was 
applied. The oil was shipped in a tank car, which was placed about 
1 mile from the beginning of the section. 

52086°—Bull. 407—16——4 
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EXPERIMENT No. 2.—ResipuaLt AspHattic PeTRrotEUM, Hor AppiicaTion, Cor- 
RESPONDING TO EXPERIMENT No. 5, ON ROCKVILLE PIKE. 


Location: Station 45+75 to station 89+61. 
Length: 4,386 feet. 

Total area: 7,310 square yards. 

Date of application: September 27 and 28. 
Temperature of bitumen: 180° F. 


TABLE 26.—Analysis of residual asphaltic petroleum used on experiment No. 2. 


Specilic pravity, 25°/25° OC... 2. ce 5 ase ee eimai a ee 0. 981 
Miseosity-engler, 100° C, 50 c. ¢:, specific 26.053 Ph ee ee 16. 8 
Lossso hours, at 163° C.| 20 crams, per Cent... fast roc 8 eee ee ee 5. 81 
Hioat test'on residue at 50° Cs: too. te ne atin te 8 eee ee 2’ 84 
Per cent of total bitumen insoluble in 86° B. naphtha. ....-................ 17. 83 
Fixed: carbon, per Cettte.<i <2.eecev sie oes ee See ee 10. 23 
Solublein.GSz (total bitumen) per cent. :22 cses25. 9522280 Ai bo ee 99. 93 
Oreanic matter, insoluble, per cent388 4a. 50 a See I ee 074 
Inorganic matter, ansoluble;per cent 2524s: 35. ee ee ee . 00 
Totalis 2 oe ae ee eee ee eee 100. 00 


The condition of the road surface was similar to that in section 
No. 1, except that the combined total length of areas in which the 
water bond was unbroken approximated 700 feet. In several places 
the foundation had failed, and extensive repairs and the digging of 
drainage ditches were necessary. The petroleum was delivered in 
a tank car in which it was heated by steam from a traction engine. 
Owing to the loose condition of the surface, practically three-quarters 
of a gallon of petroleum were applied per square yard. Much hand 
brooming of the petroleum was required to cause it to adhere to 
the dusty stone and produce uniform distribution. About three 
hours elapsed between spreading the oil and covering it with gravel. 
About 15 cubic yards of gravel were subsequently required on the — 
firm portions of the road to take up the exuding bitumen. 


EXPERIMENT No. 3.—Coat-Tar PREPARATION, COLD APPLICATION. 


Location: Station 89+61 to station 169+ 02. 
Length: 7,941 feet. 

Total area: 13,235 square yards. 

Date of application: October 11, 12, and 13. 
Temperature of preparation: about 90° to 100° F. 
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TABLE 27.—Analysis of coal-tar preparation! used on experiment No. 8. 


SE REMSEAN LL Zea Om) COU Oe fst. nen oo Sete. eek Sel ee eee ns 1. 144 
Wiscosity, Engler, 50 c. c. at 40° C., specific..................-.-. WI Lah 10. 4 
ree carbon (insoluble in CS.) per cent..-.....-...........22-0 222 e ee eee eee 5. 53 
ears : Per cent Per cent 
Distillation: by volume. by weight. 
UE IEES oS 5 cei cis. Pcie ket es en a 71.8 1.6 
Birstwientotlac(collO> ©).2 02.7 .. MeS eee setae oF ON ob a7) 4 
Second iehtols:;(110% to,1707 C:)... 2s... eel 31.0 .6 
leans OllsC/Os tOr2TOOC2) 02... eee 2342 20. 1 
eauyeols(aiO 70 clo ©.) i mie. 0) S52 Soe. 8k 31052 8.9 
3S GLE STONTISS Joe sees BR yee Coe aie a nea UR “63100 68.3 
Ma aS ae 5 224 5 Sr SARS ts AO Renan te ee 100. 0 eo) 


All but 500 linear feet of the road surface near the south end o 
the section was in excellent condition to receive the surface treat- 
ment. The section was thoroughly swept with horse-drawn rotary 
sweepers, and the tar adhered uniformly to the surface rock without 
the aid of hand brooming. After about 500 linear feet of surface 
had been sprayed, the distributor was stopped and the gravel was 
spread immediately to prevent the tar from flowing off the surface 
over the shoulders. The tar preparation was shipped in a tank car, 
which was placed 2} miles from the near end of section 3. 


EXPERIMENT No. 4.—REFINED WATER-GAS TAR, CoLD APPLICATION, SIMILAR TO 
EXPERIMENT No. 2 ON ROCKVILLE PIKE. 


Location: Station 169+ 02 to station 226+ 20. 
Length: 5,718 feet. 

Total area: 9,530 square yards. 

Date of application: September 22 and 23. 
Temperature of tar: About 130° F. 


TABLE 28.—Analysis or refined water-gas tar used on experiment No. 4. 


at eReR OT A Mee Of es ie ein ei he eee oi ble Dis ei a le 1.132 
Eecosity, Emeler, 50 c. c. at 50°'C., specific... ..... 2.2.2... 0.25052 oe eee ee 16.2 
Beccrearpon (imsoluble in CS.); per cent..-.-...----.2 5-2. 22eb lee. ce eee. 0. 64 
ee a8! Per cent Per cent 
Distillation: by volume. by weight. 
Reet ree Cie eo eee Phe kee 0.0 0.0 
Hereioininolan(LollO> ©)iew 2 hee eis ve sseac eel eek oe. =O 0 
Second licitrons (dO? tol70° C.)o.- 2.202.520.0222 fs. e ee. ed si) 1.0 
Bieaameotls me tO 2707 ©.)5. 2 te eo hans Se o 21-5 18.9 
SEP CHE (I OF cil Ap ean ene ae ie ? 15.0 13. 4 
LU NNEL: TRBSEGHEG 4 52.5 Brche S ekAna ape ie seg ae me einer APs eee aan * 62.0 66. 6 
Pita ee MM ee Ne a ke wee cere SAGs Hawes 100. 0 99. 9 


The surface of this section was in excellent condition and no repairs 
were required. The experiment was conducted in all respects like 
experiment No. 3. The tar when delivered in the distributors from 


1 Thin fluid. 2 Clear. 3 Cloudy. 4 Hard, glossy, semisolHd. 


28 BULLETIN 407, U. S. DEPARTMENT OF AGRICULTURE. 


the plant was still slightly warm from the refining process. The 
distance from the plant to the near end of the section was about 12 
miles. 


EXPERIMENT’ No. 5.—REFINED Coat Tar, Hot Apprication, Smmmar TO EXPERi- 
MENT No. 1, oN Rockvitie PIKE. 


Location: Station 226+20 to station 295+00. 
Length: 5,880 feet. 

Total area: 9,800 square yards. 

Date of application: September 13, 14, 15, and 16. 
Temperature of tar: 180° F. 


TABLE 29.—Analysis of refined coal tar used on experiment No. 5. 


SPECIICWTAVELys DOC Zor Osea. Mae er wae sac mene: Oi Se yee nee See ee 1.181 
Floatdtest at 329°C. Gamieji ti Set Ds CORSO SOR S se Fe Be Pes V’ 45” 

Free carbon (insoluble in CS,.), per cent.....---..-.-----:---+--+---+--+---- 9. 39 
nae : Per cent Per cent 
Distillation: by volume. by weight. 
Water. £2. 22232422! 28 dinate - Sa: - eee 0.0 0.0 
Wirstdicht ouls dor 1IO° 0) 23 aa a ee ee MONE! aN ee 20 .0 
Second lisht. oils (110° to, 170° G,). -..-< 4.2.8 =. Ohara aaa .0 0 
Heavy ots (70° to 2100) oon 2 oe ae ee 13.5 11.4 
Heavy ols} (270200 sli) steer eee tere ee eee 13. 2 11.3 
Pitch residuess) St oi) Ea ee BESTE ee eee: ie 73.3 77.8 
Potala: so ajesdee seed 32 aie a EO ee ee a 100. 0 100.5 


The surface of section No. 5 was also in excellent condition, and 
the experiment was conducted similarly to experiments Nos. 3 and 
4. The bitumen was prepared in a local plant and was hauled to 
the work in the distributors ready for application. The haul from 
the plant to the near end of the section was about 11 miles. 

The cost data given in Table 30 are based upon the following unit 
prices for labor and materials. 


Fereman, per. 8-hour day... soc: 2. kk n cee ee eee tee eee eee $4. 00 
Distributor operator, per 8-hour day: ::-..-2igegs 22-95 22-1 4 2. 50 
Roller ‘operator, per 8-hour-day2..:: 432.1 s$223094. 2201 <a  e 3. 00 
Moter-truck diver; per S-hour day... 222252226 ee ee 2. 50 
Teams per Shoup day eins eri) ee Oe, SEI o> Ss a 4.00 
Laborets;*per:8-hour days. -....5.02: fac 52 5224. tee ea 1. 60-2. 00 
Grayel on.sidine; per ton 2222oSsc 9 Oe. ca Bae oe See 1. 65 
Asphaltic petroleum on siding, per gallon...........------------------ 105 @ 
Residual asphaltic petroleum on siding, per gallon. ........----------- 1.073 
Coal-tar preparation on siding, per gallon. ...........----------------- 1 095 
Refined water-gas tar at plant, per gallon.........--.------------------ 1 084 
Refined coal tar’at plant, ‘per gallon: =< =--222::22<2-:+-2¢2s2222en-425 108 


1 Estimated. 
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TABLE 30.— Materials and cost data for surface-treatment experiments on Falls Road. 


Coos 
. 48 Quantity of mate- 
oi ets Description. rials (per square | ©St per Square 
Z }eo = ard) yard. 
» q ood yi e 
© |e 
Eee Bitumi Bitumi- | Gravel 
fs itumi-— itumi- rave 
z g 8 Bituminous material. peueln ot eae nous ma-| Gravel.! | nous ma-| (hauling 
z cee : | terial. terial. jincluded). 
Feet. Sq. yds. | Gallon. | Cu. yds. | Cents. Cents. 
1 3 | Asphalt petroleum (cold)... .- 4,575 7, 625 0.525 0. 0149 2.63 3. 84 
2 5 | Residual asphaltic petroleum 
; (Ot) Bees ee sce eines s 4,386 7,310 . 739 . 0164 5.54 4, 25 
33: ese Coal-tar preparation (cold). ..-. 7,941 13, 235 - 423 0151 4.02 3.53 
4 2 | Refined water-gas tar (cold)... 5, 718 9,530 - 538 - 0150 4.57 3.67 
5 1 | Refined coal tar (hot).....-..-- 5, 880 9, 800 . 596 . 0150 4,77 3. 65 
Description. Cost per square yard. Total cost. 
E 
{3 Heat- | Haul- 
S Clean- ply aa and Spread-| pop | Miscel-] Per EG 
g Bituminous material. ing sur-| “ons ae Hot ing | ing. | lane- | square] is \todt 
& face mates | anate: gravel. ous.3 | yard. road. 
R rial. rial.2 
Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. 
1 | Asphaltic petroleum (cold)..... Ol O5y ease ee 0. . 7.77 | $683. 76 
2| Residual asphaltic petroleum 
(HOG) pee ee eet 05 0. 41 .37 Sah 10 68 | 12.11 {1,065.68 
3 | Coal-tar preparation (cold)...... SOME ee ea et .12 238 - 04 38 8.48 | 746. 24 
4 | Refined water-gas tar (cold).... OA ae ses 24 55 . 04 -52 9.63 | 847.44 
5 | Refined coal tar (hot)......-.-- BOSH See ese son . 86 . 02 51] 10.21} 898.48 


12,500 pounds equals 1 cubic yard. 3 General expense and superintendent. 
2 Hauled to road in distributor. 


INSPECTION REPORT. 


The following report describes the condition of the experiments 
on the Falls Road on the date of last inspection, April 27, 1916. 

Expervment No. 1.—At the time of the inspection the surface did 
not appear to carry a distinct mat or carpet and the bituminous 
treatment was worn very thin and showed a tendency to crumble, 
even on warm days. It is probable that a re-treatment will be neces- 
sary early in the spring as the aggregate of the macadam shows quite 
generally throughout the central portion of the road. 

Experiment No. 2.—This section has a black, leathery mat which 
is easily marked by the calks of passing horses, but irons out under 
the wheels so that there is no indication of ‘‘picking up” or dis- 
integration. In a few places additional gravel had to be spread to 
prevent bleeding, and it is probable that more top-dressing will be 
required as soon as hot weather prevails. At the present time very 
little stone shows in the mat. 

Experiment No. 3.—The gravel used for top-dressing plainly shows 
everywhere on this section and an excess still remains along the 
sides. The mat is a hard, stone-filled carpet, practically unbroken, 
and shows no signs of failure anywhere. In general this was the 
best appearing section of the road at the time of the inspection. 


A 


a 
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Expervment No. 4.—The appearance of this section is similar to 
that of experiment No. 3, but the mat is thinner and the limestone 
ageregate of the macadam is slightly but quite uniformly visible 
over the entire section along the central portion of the road. Some 
excess top-dressing still remains along the shoulders. It is probable 
that the section will require re-treatment in the spring. 

Expervment No. 5.—The mat on this section is softer than that on 
sections 3 and 4, but much less leathery than that on section 2. 
The macadam shows through in a few places, but the mat is not 
broken at any pomt. It is probable that this section will require a 
re-treatment late in the summer or fall. About 300 feet from the 
south end of the section there is an area about 20 feet in length and 
extending nearly the entire width of the road, where the surface was 
rather badly burned as the result of the burning of a blacksmith shop 
and stables near the road. 


EXPERIMENTS ON BRADLEY LANE, MONTGOMERY COUNTY, MD. 
BITUMINOUS MACADAM (PENETRATION METHOD). 


The experiments previously reported for this road have been dis- 
continued because the design was considered inadequate for the 
prevailing traffic. The traveled way was only 10 to 12 feet wide, 
while the road carried practically as heavy traffic as the adjacent 
section of the Rockville Pike. Partly also because of the exceedingly 
poor drainage and foundation conditions, it had never been possible 
to maintain the surface satisfactorily, and it had become rutted and 
was continually breaking into potholes, while the edges were badly 
cut and sheared by traffic. Finally, in June, 1915, arrangements were 
made to reconstruct the roadway as a new experiment, and a bi- 
tuminous macadam surface, constructed according to the penetration 
method, was the type of improvement adopted. 

The old surface-treated macadam was scarified, reshaped, and 
widened by the addition of new material to form the foundation 
course for the new surface. The total length of the road is 3,813.5 
feet. The width of the new roadway was made 164 feet from 
Connecticut Avenue westward for approximately 2,404 feet by adding 
21 feet to the south side and 4 feet to the north side of the old surface; 
the remaining distance to Wisconsin Avenue was made 15 feet wide 
by adding 24 feet to each side of the old surface. In preparmg 
the foundation course it was necessary to add 145 tons of new lime- 
stone; and in order to increase the stability of the foundation, 3,646 
linear feet of 4-inch drain tile was used. The drain tile was placed 
under the south gutter of the road at a depth of a foot or more below 
the surface, and is expected to correct the unsatisfactory foundation 
condition referred to in the preceding paragraph. The drainage 
was further improved by cleaning out all existing culverts and 
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paving culvert inlets and outlets with gneiss spalls where this was 
necessary. ‘Two existing catch basins which were considered too 
small for the service demanded of them were reconstructed and 
enlarged and two new catch basins were constructed at other points. 

After the foundation course was thoroughly compacted by rolling, 
an entirely new wearing surface was constructed. The wearing 
surface consists of a 3-inch depth of fresh limestone (loose measure- 
ment) bonded together with bituminous material. The same 
bituminous material was used throughout, but two different methods 
were employed. From station 0+00 to station 19+00 and from sta- 
tion 21+00 to station 38+134 straight oil-asphalt was used, while 
for the remaining 200 feet between stations 19 and 21 a sand-oil- 
asphalt grout was used. 


Tue Oir-AspHaLtt Section (PENETRATION METHOD). 


Location: Station 0--00 to station 19-++00 and station 21-++-00 to station 38-++-134. 
Area: 6,421 square yards. 


These sections comprise a total area of 6,421 square yards and were 


constructed in accordance with the common penetration method; 


that is, the penetration course of stone was spread and rolled, bitumen 
applied, screenings spread, and the surface finished with a seal coat 
of bitumen and stone chips. 

One and a half gallons of bitumen per square yard was used in the 
penetration course and approximately one-half gallon per square 
yard in the seal coat. A total of 7,150 gallons of bitumen was used 
on the first section and 6,328 gallons on the second section, which 
gives a total average quantity per square yard of 2.012 gallons and 
2.16 gallons, respectively, for the two sections. Table 31 shows the 
analysis of the oil-asphalt used, and Table 32 the cost of the work, 
which was done by contract. 


TABLE 31.—Analysis of otl-asphalt.! 


MME PNPOIOTAVIGY 20a) ZO Os ae US Sol ki ke eee leis 1. 024 
fe cing “Ge gs 055 Spee ae eee ee mae 50 
Seeiraiion 25° ©., LOO grams, 5 seconds..-\.-..+:.--22-f2+2-25eeee ee et eee 105 
Seeronours at 163° ©., 20 esrams, per cent.........----------+------e2e tee 19 
SeMemrahton Or FESIdUC* as aDOVEe... 22.22.22... bell ee eee eee 64 
Percentage of total bitumen insoluble in 80° naphtha.................-.------ 25. 77 
PME OT MCTICCMG S400 2 oc eae eee cece eee seer ence ee ee nee 15. 74 
Eolublean CS, (total bitumen), per cent...........-.-.-..--.--------- +++ e- 99. 70 
Beeamematter insoluble, per cent... ..-....-/2- 5-2-2522 olen eee eee ee eee .18 
Etiereanie matter insoluble, per cent: . .. 2.22... 2. 2.260. -.e ee eee eee eee 12 

“Lill, (OG ORIN Rs oe an ae a lel Un eres AApae n er 100. 00 


1 Fairly hard, glossy, sticky, semisolid. 


\ 
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TABLE 32.—Unit and total costs. 


Unit Total 


Ttems. cost. cost. 

Clearing.and grubbing, Jumpsume: £: e424 pene ee eee eceees ae Se eee ee a ee ee $79.61 
Excavation,-/93 CUDIC VardSes--22-2---56-5--2- SORE REA ees pire ca ey nee Ai ee mae See eae $0. 4704 373. 03 
Subdrains #3, 616ifeet;4-imch tiles sess see, 5 ieee Te eee date Re io ee ee ee . 2145 782. 07 
SCarify ine 5 SUGISQUAO VANS sas sas ac cate ae eso re eet ee ele ie eee ae eee . 0304 161. 61 
Shaping shoulders and subgrade, 4,064 square yards.............-...-.-....---------- 0371 150. 87 
Koundation stone. 146.775 tODS 1M place: osoceies ce oe eee eae ae ee eee eee eee 2. 196 322. 32 
Wearing course, penetration method, 6,421 square yards...................-....---...| -3284 | 2,108. 66 
Wearing course, sand-oil grout, 367 square yards........-......-.---.:----0----------- . 3942 144. 66 

FOU AN ae ose caja snes ave Stays Sh cle ale ane a eke She EEN Re VO Petete a STE ae ne cme | 4,122. 83 


Sanp-O1t Grout (PENETRATION METHOD). 


Location: Station 19+00 to station 21-++00. 
Area: 366.7 square yards. 


This section includes two experiments in the use of oil asphalt 
mixed with sand for constructing a bituminous macadam surface 
according to the penetration method. The first experiment extends 
from station 19+00 to station 19+55, and was constructed in a 
manner exactly similar to that described above for the straight pene- 
tration work, except that 50 per cent by volume of sand was used 
with the bituminous material. The second experiment extends 
from station 19+55 to station 21+00 and was constructed in a 
similar manner to the preceding, except that only 33 per cent by © 
volume of sand was used with the bituminous material. 

A total of 672 gallons of oil asphalt were used in the two experi- 
ments, which is at the rate of about 1.83 gallons per square yard. 
It appears, therefore, that the saving in bituminous material which 
was effected by employing this method is only about 0.2 gallon per 
square yard; and if the cost of heating the sand and mixing the 
oil-sand grout is considered, the cost was greater with this method 
than with the ordinary penetration method by about 2 cents per 
square yard. It is very questionable, therefore, if the experiment 
will prove of value. It will be kept under close observation, however, 
with a view to ascertaining any possible superiority which this section 
may possess over the ordinary penetration sections. 


EXPERIMENTS AT WASHINGTON. D. C. 


BITUMINOUS CONCRETE. 


The bituminous concrete experiments at Washington, D. C., con- 
sisted in the construction of two wing drives leading from the sheet- 
asphalt pavement in front of the main building of the United States 
Department of Agriculture to the sheet-asphalt plaza in the rear, and 
was completed on December 7, 1915. Each of the drives is approxi- 
mately 140 feet long and 18 feet wide. The type of construction was 
bituminous concrete upon a 6-inch foundation of Portland cement 


this 
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concrete. Sand and gravel of the mechanical analyses given in 
Tables 33 and 34 were used in the concrete, which was mixed in a 


mechanical mixer and allowed to stand 10 days before the wearing 


surface was applied. The proportion of the mix, by volume, was 1 
part cement, 3 parts sand, 7 parts gravel. 

Two types of bituminous concrete were chosen for the wearing 
course, which was spread so as to compact to a thickness of 2 inches. 
The northern half of each drive was surfaced with a mixture prepared 
according to the Topeka specification, while the southern half of 
each was paved with bituminous concrete prepared according to the 
District of Columbia specification. The analyses of the bituminous 
ageregates of these preparations are given in Table 35 and Table 36, 
respectively. An analysis of the oil-asphalt is given in Table 37. 

The bituminous concrete was prepared in a local plant and was 
delivered to the site of the work in trucks at a temperature of 220° F. 
or more. After being spread and sufficiently cooled the mixture was 
given a preliminary rolling with a 3-ton tandem roller and was fin- 
ished with a 12-ton roller. A seal coat of oil-asphalt represented by 


the analysis given in Table 37 was spread with a squeegee on the 


areas surfaced with the District of Columbia mixture, and: covered 
with hot stone chipsimmediately. In the case of the Topeka mixture 
the seal coat was omitted and the surface was dusted lightly with 
Portland cement. 


TaBLE 33.— Mechanical analysis of sand used in concrete base. 


) Per cent. 
Maclrerarned.on 10-mesh SleVeias 2 tiem Ne ose etek be ohn Maen cede 10. 2 
Total retained on 20-mesh sieve. ....-.-.------------- pias pale cae ity de ANG) oe bitte 33.9 
Miealkretaimed on SO-mesh Stevens ses sa i laws Ve oes jeg lee Sao 53.9 
Mealecetaimed:omA0-mesh Sieve suit. oes. once ove ee ede Aeeee (Ys dele 66. 4 
Sraripretaimeds om n0-miesh slever 2 2...) 2.02.50 ele ee 77.9 
PPeLoraitied: OnvCO-Imesh steVes. 20... eee 95.9 
Total retained on 100-mesh sieve. .......------------------ Be 8c eee cee 96.5 
miaieretaimed on 200-mech sieve... ...-.:5-.2552 25-5820 ee ee 97.9 
© agsetinges LID Dae) Ov EOS re El enn en ee 2.0 

TaBLe 34.— Mechanical analysis of gravel used in concrete base. 

Per cent. 
Merieretaimedson i-1mchescreen.. (032 .l. eee eee Se 2a 
Berne tated ONmlennChuSCrEeMs 420. 5. 6-02 ne SR ie Ps Be 5.5 
mecenorarmed: one-imch screen... 0... 252 ee ee ee ee ee ee once eos 18. 1 
Mer ieretaimed on s-1neh screen)... 2... 22 eee et 34. 7 
Movalinetained on }-inch screen.-.....-.:------------------ PS asaya) Oi aun 70. 7 
auleretaimed on lO-mesh sieve... .-.----------+--- eect eee eta ncee ees 94.0 
eremiemmestslevor We oc So Sek ea ee 6.0 
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TABLE 35.—Analysis of bituminous concrete ( Topeka specification). 


Per cent. 
Bitumen,soluble in-CS.t :--cesooee tye e Bae BRS oe ee 8. 25 
Mineral aggregate: 

Passing 4-inch screen, retained on }-inch screen................----- oti Wee 
Passing 4-inch screen, retained on 10-mesh sieve..............-..----.-.- 17g 
Passing 10-mesh sieve, retained on 20-mesh sieve...........-.-..----.-- 1723 
Passing 20-mesh sieve, retained on 30-mesh sieve.............-...------ 9.8 
Passing 30-mesh sieve, retained on 40-mesh sieve................---2--- 9.3 
Passing 40-mesh sieve, retained on 50-mesh sieve.................---.-- 10.2 
Passing 50-mesh sieve, retained on 80-mesh sieve..................-.--- 14.2 
Passing 80-mesh sieve, retained on 100-mesh sieve...................--- 2.0 
Passing 100-mesh sieve, retained on 200-mesh sieve...................-. tae 
Passing 200-mesh: SIOV oc ss ees es Spee ee ee eee 3.9 
otals-2 i 20 i aedio cee. 46 eedeer pees 2 Roe ae 100. 0 


TABLE 36.—Analysis of bituminous concrete (District of Columbia specification). 


Per cent. 


Bitumen soluble in CS, 


Mineral aggregate: 

Passing l-inch screen, retained on 2-inch screen.............-....---:---- 6.8 
Passing 3-Inch screen, retained on 4-inch screen...............-..-.------ 14. 4 
Passing 4-inch screen, retained on 4-inch screen..................-------- 24. 3 
Passing 4-inch screen, retained on 10-mesh sieve.................-------- 14.0 
Passing 10-mesh sieve, retained on 20-mesh sieve...............-.------- (ee 
Passing 20-mesh sieve, retained on 30-mesh sieve.......--..------- REP AS 6.1 
Passing 30-mesh sieve, retained on 40-mesh sieve............------------ 6.4 
Passing 40-mesh sieve, retained on 50-mesh sieve...........------------- 6. 2 
Passing 50-mesh sieve, retained on 80-mesh sieve..........-------------- 4.4 
Passing 80-mesh sieve, retained on 100-mesh sieve...-..--...-.--..------ Le 
Passing 100-mesh sieve, retained on 200-mesh sieve.......-.------------- 4.4 
Passing 200-mesh sieve: :-20.2..2<+22: 2242225 sD e Ce A ee 4.4 

Total 2. oc. Sis Siw i Bobs Bee eee re ea a re 100. 0 


TABLE 37.—Analyses of oil asphalis used in experiments at Washington, D. C. 


7.2 


Bituminous| Seal 
UR concrete. | coat. 
Specific cravity:25°/25° C2. ke Ea eee i eee ees as 1.055 | _1.055 
IMGIEITS PONG Cae Se oe a eae ee ee ee a a ee 55 58.5 
‘Penetration at 25°C. 100\srams: 5 seconds = 2.55 see, ee ee 63 _ 47 
Oss, snours at 163°C: 20ierams <percent ee aoe ee ee eee ee ee ee 56 3h 
Penetration. of residue: as: above. 2 /-<.22305 22 55 a ee eee 40 34 
Per cent of total bitumen insoluble in 86° C. naphtha..........-...-..--.----------- 26. 40 31. 76 
Fixed carbon, per cent 225 a22 see ois wae we eee See ee es ee ee See 19.32 19. 33 
Solubie in. Cs2(totalibipamen)> per canta a s-ee ese eee 98.39 99. 88 
Organic matier-msoluble, percent 2.5 2.4 59-4 5. eee ee eee -70 ll 
Inorganic matter.insoluble;percentss—. se ee ee as eee -91 -O1 
Total: per cente..cch5. so22.8 see See I ee ee ee 100.00 | 160.00 
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The cost data given in Table 38 is based on unit costs of labor and 
material as follows, and represents approximately the contractor’s 
cost: 


Labor: 
MBLGRCHITaTi eer ay snot ee Nea ae ARC POS POG VE ae oat A $4. 00 
OMe eG yan aes sot tet MOS Sle tue eee 2. 50 
Walorers, em Moun yes ere ih 5. canst ais less ue dh sek G- eo eee 0. 20-0. 40 
‘RSENS, “TBI LEYSKTE® as Abb at ge ee ea ae ae ns EN me On So Svea, re . 60 
Materials on road: 
SEL STIS SD BIP [CEN Sel |S ee eres aes Lee a a is a Ue 1. 32 
Sdidelomconerebe mer tOM patel! 2. 2 OL Sl ke . 55 
leh ClaonceMnereues Pen wOMs G02 0) elk. oe k 2 Denes ane se . 65 
Bituminous concrete on road (estimated), per square yard............... . 40 
Oilagohalijror sevlecoat,wereallon... 0.2. 2. oe eee ee ee eto 10 
SOME Chilos tOlseaCOAt, PCL -UOM. 6... oe wis nese te eee 1.00 


TaBLE 38.— Materials and cost data for bitwminous-concrete experiments at Washington, 


District 
J of Co- | Topeka 
General. : Detail. lumbia | specifica- , 
specifica-| tion, 
tion. 
Materials for base, per square yard of pavement.......| Cement, barrel.-..........-. 0.115 0.115 
Sand OMe sere ee eee | -075 -075 
Gravel; tomiciie:..25 5-25 53522 | . 165 - 165 
Materials for surface, per square yard of pavement....| Bituminous concrete........ (2) (1) 
Bituminous seal coat, gal- SO) ae eee ia 
Tons. 
Cement used on surface, bar- |.......... 003 
rels. 

Stone chips for seal coat, tons SOU5S Ee ee 

Costs for base per square yard of pavement,incents....| Prepared subgrade.......... 20. 88 20. 88 

CemMon Gee REE EA ORS 15.16 15.16 

SPN ONG AP SN RAL Seek aa a ne age 4.09 4.09 

GT AV CLS ee SPE ARE weer 10. 70 10. 70 

Header strips in place._._... 4,43 4,43 

Mixing and laying concrete..| 10.08 10. 08 

Costs for surface per square yard of pavement,in cents.| Bituminousconcreteonroad| 40.00 40. 00 

SPEC AGI eyes Sate are 8.90 8. 90 

ROWING s ee ek SE 2. 90 .90 
Bituminous seal coat.-...._. SOOT ae aie 
Chips for seal coat........... PSO eae eee 
Applying seal coat...-...... bsA Oise [hire aee 

Cement on surface...........|.........- .40 

ILO) Gell eee epee me Mn ON ani Ce a, Ee I ee a 121. 04 115. 54 


1 Not determined. 


EXPERIMENTS AT BUENA VISTA, FLA. 
RESIDUAL ASPHALTIC PETROLEUM-CORALLINE ROCK. 


As a result of observation of the behavior of the various experi- 
mental sections built on Biscayne Drive at Miami in 1913, and 
reported in Department Bulletin No. 105, it was decided to construct 
another section similar in all respects to section No. 6, except that a 
heavier asphaltic material, better suited for use with coralline rock, 
was to be employed. 

The work was done on the driveway leading from the Miami-Lemon 
City Road into the grounds of the experimental gardens of the United 
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States Department of Agriculture, located about 3 miles north of 
Miami. The roadway is 1,725 feet long and is 12 feet and 16 feet in 
width. The traffic to which it is subjected is light, and originates on 
the grounds of the experimental gardens. 

The site is a new location, which was clearcd, grubbed, and graded 
immediately before the surfacing was undertaken. After leaving the 
Miami-Lemon City Road, the first 600 feet was a deep sand bed, 
while the remainder was a succession of ridges of coralline rock, with 
sand beds intervening. The coralline ridges were excavated, and a 
uniform sand subgrade was prepared. 

The surfacing materials used were coralline ee and a heavy 
asphaltic oil. The properties of the rock as it occurs near Miami are 
noted in U.S. Department of Agriculture Bulletin No. 105. The sub- 
grade, which was 6 inches thick, loose, was built of coralline fieldstone 
gathered on or near the site of the project, sledged on the subgrade 
and thoroughly rolled. 

The rock for the wearing course was taken from a county pit about 
1 mile from the road. The fine material resulting from blasting was 
eliminated by screening the rock over one-fourth inch stationary 
screens. ‘The wearing course was 3 inches thick, loose, and was rolled 
once over with an 8-ton macadam roller before the bituminous ma- 
terial was applied. The cross section of the road shows a crown 
slightly less than one-half inch per foot. 

The properties of the bituminous material are stated in Table 39. 
This material was delivered in barrels, heated in 1-barrel kettles, 
and applied by means of hand-pouring pots. From 1 to 3 hours 
after it had been poured the bituminous material was covered with 
about one-half inch of sand which had been taken from the roadside 
and screened to remove twigs, roots, etc. The sanded surface was_ 
then rolled until all visible movement of the surface particles ceased, 
after which the road was opened to traffic. 

The cost of the various processes involved in the construction of 
this section are given in Table 40. The cost data are based on labor 
and material as follows: 


Superntendent, per day. 2. oo ee Si a eee $4. 00 
Poreman per day... 212 = <'soe ease Shs Sse ee ee eee ee 3.00 
Teams, per day 2.205. SALE a ITS, Ee. Se eee 5.00 | 
Sabor, Ber diy oO Be ee gk ee eee 1.50 
Molter. Per Cay Gove t cs ie Beg ed ee cepa ee ee ee 6.00 


iijamen,. per cullone: secs. aa ees wee sete nee te nee Eee ee . 134 
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TABLE 39.—Analysis of residual asphaltic petroleum used at Buena Vista, Fla. 


it i i i ee 


Retro raNML Ye Od co Oree etre see ONE SNOT ee ae eh eg 0. 992 
Meecosthy tnelers50 cicrat 100° Crspecific. . 2 22) sie. eee. SL 59 
emerson rN Lied ie tered ees cys. Vice. Sue cL ls daw ees 2/ 44// 
RECS UO RIM Os py eck cet Vk ee OS eh ee 12044 
eras. ©. osnours..20 prams, per cent... 2. 25.........02.. 02. as 
Peeamrest Olnesidmemat a0 4 Cy time. e/..060. eusegy. a Pee cw pe ek 147307 
Per cent of total bitumen insqluble in 86° B. naphtha......................- 13. 02 
See CRCOTDOMUMCECONG a oe. aA Meh S EI SO oo ces Le de eae oe ene 8. 20 
mouete: inn, ovalebitumen): per cent. 20 000.2202 y i esl oer becse 99.91 
esenic Mia hcen MisOliple pen Cents ji. Gh, 22: «2d ls oof Po Den Pn Bel ie 609 
PersrnceMatbermsoluble; per Cent.) pss - - 1. eee we i Peco ee eh ee den oe . 00 
Moralenpotacemitwy Meter Serie ee ee Rk ee 100. 00 


TABLE 40.—Cost data on construction of coralline-rock road. 


Materials used: 
NG -rstone--cubic yard, per square yard: 26... oe ee ee eee 0.083 
Sa nCHOUC HV AnO Mer SQUATCHVALG ooo ise oe ee ede wee sls pe le bers .014 
PSMrIMIRE Mea OME er. SQUATOWAIG. 2... = 2c. -- sess Se eee ele tees eee . 906 
Coat per square yard: 
ie AeLOMer peers arch eg! ae eh eee. Li eS oe adios $0. 1546 
WES EEROSESD S 3 cra 23 Soak Net = Ci pee art oe a RE 1243 
Bae cache WN ON SLON CPM s Jr! reel 2 se eC Se eo eee he .0175 
PieoapiMesanCeapplyame DUGMMOM eo i ee eis ee eee Sl ee . 0075 
roe irgy (Stara ss) Sa SR I Sg ly Gam pee ae 0105 
Toran Crepes ee eran STE se AE POO Se . 0079 
emote xp encore to. 6 4gs kay eben Figen s fe ee . 0186 
DUB So SS hci Sic Sipe eae ha ace ek Rn . 3409 
Total costs for surface: 
Quarrying and crushing No. 2 stone, 227 cubic yards................: 302. 85 
iacimeandsnawimne No: 2 stone to road?) 6.0...) ee 118. 00 
EPrCAmOM NOMA wstOMese ses oo SEE POM vO Ae. 47.50 
Biumnrem on sidimen2}465 gallonss: 2: 0s. 22 25. yep ee bee sees et 330. 31 
Wnloadimo-and- hauling, bitumen to road... :..5--.....2.---/---+-44-+: 8.00 
Hermimevandeapplyime, bitumen... -..22...--.2---... 4242-82 cect ee: 20. 40 
Setcadine sand ;sSecubic “yards. ...-.......------+---.- ene eee 28.75 
SU TEIN Ook See) gl leat a nha aa elle: eld etianeya 21.60 
Bem eaime pels wey i yes PSS TE A 50. 60 
TNGTED To Sis alan OU pa a rag ae Ree ccm 928. 01 
_ Cost of preliminary work: 
; ete eeinn CNN eG RO Pot i ee gt oe ies eee eee ee 132P at 
Srapimesuberade..2.7/22 square yards. ....-....--.-.--+---+--+--+---- 51. 65 
: Gathering and hauling foundation stone, 454 cubic yards............ 125.90 
Se opresdime and sledging foundation stone.'........2....62.-2522. 20223 95.00 
FreMnemouUnd atlOMislOne sf. 4.02.12 blk bbe eels eee ell eee 10. 80 
HAGHIE LY 5h ye i ap a ll SS a a ae se Se 415. 46 


Ne ee OO SEL 


I if eae 
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This pavement was completed in May, 1915. When inspected in 
December, 1915, it showed no evidence of failure or appreciable | 
wear. The normal amount of traffic to which the road will be sub- | 
jected is not yet developed, and another year will be required to test 
the wearing qualities of this pavement. 


EXPERIMENTS AT JUPITER, PALM BEACH COUNTY, FLA. 
OIL-ASPHALT-SAND. 


The purpose of this experiment was to demonstrate a stmple and 


inexpensive method of treating the deep sand roads of Florida which | 


are subjected to light traffic. The demonstration section is on West 
Lateral Road, 1.8 miles north of Jupiter, Fla. The bitumenized 
portion is 152 feet long and 9 feet wide, skirted on both sides by 
untreated sand shoulders 54 feet wide. 

The mineral aggregate used was the native sand found in and along 
the roadway, in which was incorporated asphaltic materials, the prop- 
erties of which are given in Table 41. The sandbed was prepared 
for treatment by removing with hand rakes all twigs, sod, and similar 
undesirable matter from a width 10 feet on each side of the center 
line of the road. The sand in this area was then smoothed down to 
a uniform grade, while the cross section was shaped to a total crown 
of about 5 inches over the 20-foot width. 

The bituminous material was heated in 1-barrel kettles and was 
spread by means of hand-pouring pots in a series of applications, 
according to what is commonly known as the layer method. Four 
such applications were made. Each was covered with a layer of 
sand after the bituminous material had been partly absorbed. The | 
sand for this purpose was cbtained from the shoulders. Each layer | 
of sand was thoroughly rolled with a 3-ton horse roller before the | 
succeeding application of bitumen was made. The quantity of bitu- 
minous material and the thickness of the sand cushions in the various 
layers are stated below: 

(1) One-third gallon of bitumen A per square yard, over which 
was spread one-half inch of sand; (2) two-thirds gallon of bituminous 
material A per square yard which was covered with 1 inch of sand; (3) 
two-thirds gallon of bituminous material A per square yard, followed 
by a layer of 1 inch of sand; (4) one-third gallon of a combination of 
equal parts of A and B per square yard, to which was applied enough 
sand to absorb the bituminous material. 

The resulting cushion of bitumenized sand is approximately 3 
inches thick. The original plan involved the use of three layers only, 
but because of the damp condition of the sand on which the first 
application of oil was made, the hot asphalt foamed freely and the 
quantity poured was reduced by one-half. It was necessary, there- 
fore, to add another thin layer to give the desired depth. 
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After the surface covering of sand was spread, the shoulders and 
ditches were reshaped and the road was opened to traffic. A few 
days later the asphalt began to bleed freely, and the local road official 
in charge covered the road surface with a heavy additional layer of 
sand to absorb the exudation. 

The road was built on April 9 and 10, 1915, and was inspected 
December 10, 1915. The surface had received practically no atten- 
tion since the time of its completion. Along the center line or crown 
of the 9-foot surface the horses had worn a path from 1 to 2 inches 
deep and about 14 inches wide, and two corresponding wheel ruts 
extended the full length of the section. The path and ruts are largely 
in a mass of loose sand, slightly impregnated with bituminous material 
from 1 to 14 inches deep which overlies a firm, hard course of bitu- 
minized sand. It is evident that the bituminous material used in 
the fourth layer was of too viscous a nature to assimilate the sand, 
or was insufficient in quantity to bind the heavy layer of sand which 
was spread to absorb the bleeding. Outside of the central traveled 
portion the surface is less broken. 

The surface requires reshaping and a hght appl cation of material 
A to bituminize the loose sand thoroughly. The road will then be 
scarred and rutted by traffic for several months, after which it should 
be reshaped with a grader occasionaily until it is finally compacted. 


TABLE 41.—Analyses of bituminous materials used in experiment at Jupiter, Fla., 1915, 


Material. 


A. B. 
Residual Fluxed 
asphaltic native 

petroleum.| asphalt. 


Specific gravity, TAS PORS Dar crates Saag, SUS Unie Whe fee ee ot a En aa a 1.01 1. 066 
WELDS TOOMM, S(O oss Vee pee ea SaaS oy at te a eae oe ee By gpa eres aT Oe GR i ce 59 
Viscosity, Engler, OC GaateOOn Ciopeciticw.- =. 44:2 iis. 28 feb 3e26 3-2 ee eS eae 6329) | Heese 
Float test at 50° C. (Eine) re is ee Se a es ek a ee PANEL G||B ceae 
enonraiion ation, ©. 100jsrams: 5 Seconds. ....-_ 22 -<- 52-22-22 22-222b ep ete eee bse scene 48 
Beate os ©. o NOUS, 20 grams, percent. ...-.......-..------- 22-52 -2-2-e +2 1. 82 3. 43 
Float test ofresidue at 50° C. Guim) sate gees .2 is Peg ly Saha ee eee wnt re Bh BAN See A cerca 
EE RADIORONTCSICUCASIaADOVOLe ne. nsw = i= ohn eee wenn bee ee oS nc ee bee tee ee eefoceceencnece 18 
Per cent of total bitumen insoluble in 86° B. naphtha....-...-.-.....----------- 21. 22 23. 61 
2 EL BESSON TOG CO HSE Ae SS A ae 12. 61 12. 02 
Eealonn ©S>. (total bitumen), per cent. ......._....2.....--22----22-2eeee-e eee 99. 88 95.48 
Percemenicierinsoluble, percent. -. 22.22.05. i552. 2 ent ee eee nee ee 12 1.77 
MMe wemnictrnetbier insoluble; per cent...........-. 2.01. -s. 222-2 eee esl ee cee ne ee a[eeesceecoeee 2.75 

Bich aD CTaCChiipe re eenin yas am reese: sk Vaan a ok aa Saas seegte dese eee 100. 00 100. 00 

COST DATA. 


This experiment was of too small extent for the cost data to be of 
material value. The asphalt was donated, and the total labor cost 
was only about $12.41, including the grading. ‘This is at the rate of 
about 8.2 cents per square yard, exclusive of the bituminous material. 
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Since the work was done with convicts and the conditions were favor- 
able, the cost is probably considerably lower than it would have been 
under ordinary conditions. 


EXPERIMENT AT WEST PALM BEACH, FLA. 


In May, 1914, a series of seven experimental sections involving the 
use of coralline rock and bituminous materials was constructed on 
‘the Miami-Quebec Highway, about 2 miles south of West Palm Beach. 
The details of construction are given in U. 8. Department of Agri- 
culture Bulletin No. 257. In order to determine the wearing quali- 
ties of a sand-asphalt or bituminous-sand surface in comparison with 
the seven experimental surfaces, a section of this material was added 
to the series in January, 1915. It is continuous with the other experi- 
ments and adjoins section 7. . 


EXPERIMENT No. 8.—Briruminous SAND Mixine METHOD. 


The original coralline rock road was scarified and reshaped for the | 
foundation. The cross section of the foundation was parallel to the 
finished surface and 2 inches below it. During the time which 
elapsed between the preparation of the foundation and the laying of 
the wearing course, the former was thoroughly compacted by traffic — 
and had become slightly dusty. 

In order to secure a sand which was fairly well graded, it was nec- 
essary to mix two sands in approximately equal proportions. This 
was done while they were being screened to remove twigs and other 
undesirable matter. The mechanical analyses of the original sands 
and the graded combination are given in Table 42, and the analysis 
of the fluxed native asphalt, B, is the same as given in Table 41. 

The bituminous sand was prepared by mixing heated sand and 
asphalt on a mixing board with rakes and shovels. A heater having 
about 90 square feet of heating surface was improvised to bring the 
temperature of the sand up to from 350° F. to 400° F. and two 1-barrel 
asphalt kettles were used to heat the bitumen to 300° F. 

Beginning at the south end of the section for the first 52 linear feet 
the sand and asphalt are mixed in the proportions of 10 cubic feet of 
sand to 10 gallons of asphalt; in the next 27 linear feet the propor- 
tions are 10 cubic feet of sand to 11 gallons of asphalt; and in the © 
remaining 3 linear feet the surface consists of a mixture of 10 cubic 
feet of sand No. 1 to 11 gallons of asphalt. The sand-asphalt mixture 
was spread 24 inches thick and was held in place with 2 by 4 inch 
timber while it was being rolled with a 6-ton tandem roller. 

The work was interrupted by a succession of showers. The section 
was so short that an organization of competent labor could not be 
perfected and the equipment was of the crudest kind. 
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The cost of constructing this section was disproportionately high 
and can not be fairly compared with that of producing the other sections 
of the series. Neither is it a just criterion of the cost of building a 
sand-asphalt pavement. Hence the cost data are not given. 


TABLE 42.— Mechanical analyses of sands used in experiment No. 8, West Palm Beach, 


Fla. 
No. 1. No. 2. Mixed. 

{ { Per cent. | Per cent. | Per cent. 
eee Onl [O-IM CSI SIOVO: facie Aiello oe Sc Lotte ee ee en tee eee 0.0 0.1 0.1 
Retained on 20-mesh sieve.................------------e eee eee Eat oe Se Vad 3 4 oO) 
VObaAIMeG:OMoU-MeSISIOVOG=: 252). ee coe ee ee ee ele es 4.2 2 2.3 
CEL AIMEGON 4 0-MeSh SIOVOsc. sot fle EI ee ee ge 23.9 3.5 11.4 
EVELAIMEGLOMOU-IMeCSHISIOVOl@ 4 = suse eee ee ee eed ee 31.2 5u2 16. 4 
Retained on 80-mesh sieve.........---..---.----- SS A Re Ma URL A Sor ENE Ue 36. 9 36.9 36. 4 
Fvetaimedrore OO-meshiSievers: osc. 0 2 soe ee Sone eee. 2.4 2105 15. 4 
uetamed: on) 200-meshsievers:: 22.52. - = Janie FS hk De el. 1.0 29.5 Ae 2 
Pet ep Mle IMCS IM SIOMO sn font nr nee ike eo) fe wid a Lita clas wie ele ce ee Seine wie Sal 1.6 6 

ANI los és ces & PE eee Se Pat Se a a og 100. 0 100. 0 100. 0 
COST DATA. 


This pavement was inspected in December, 1915. It had grown 
slightly wavy under traffic, but had not failed in any other respect. 
No difference in behavior or surface appearance was noticeable in 
the three subdivisions of the section. 


EXPERIMENTS AT OCALA, FLA. 
OIL-LIMESTONE, SAND-ASPHALT. 


Among the road materials locally available in Marion County are 
sand-clay, a fairly well-eraded sand, and easily crumbled oolitic 
limestone, which hardens somewhat on exposure to the air. It is 


_ apparently similar in character to but much softer than the coralline 


rock used in the Miami and West Palm Beach experiments.’ In 
1915 an object-lesson road was constructed of sand-clay near Ocala, 
and on completion of this it was decided to construct experimental 
sections adjacent to the sand-clay road, utilizing the limestone and 
sand with bituminous materials. The series was installed in the 
spring of 1915 on the Ocala-Blichton road, about 34 miles west of 
Ocala. Limestone for the oil-limestone experiment was obtained 
from a deposit which outcropped about 1 mile from the road. It 
was quatried with the use of dynamite and heavy sledges and in this 
way was easily broken to the desired size. For the surface course 
of the oil-limestone experiment the limestone was screened at the 
quarry over .a 4-inch screen, yielding approximately 50 per cent 
retained on a 4-inch screen and passing a 3-inch screen. A suitable 
quality of sand for the sand-asphalt experiment was located about 
two-fifths of a mile from the road. 

The equipment consisted of 2 sirup-heating kettles of 200 and 
80 gallons capacity, which were set in a stone furnace and heated 
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with wood fuel; a concrete mixer equipped with revolving blades | 


and operated by a 4-horsepower gasoline motor; dump wagons; a 


6-ton steam tandem roller; 2 hand rollers; corrugated culvert pipe 


for heating sand; hand pouring pots; and band tools. 


EXPERIMENT No. 1.—LiImesToNE, RESIDUAL ASPHALTIC i eTEeeea PENETRATION 
METHOD. 


Location: Station 201+15 to station 212+-92. 
Length: 1,177 feet. 
Area: 1,834 square yards. 


Details.—Upon the rolled subgrade, partly of sand-clay and partly 
of sand, a foundation course of pit-run limestone was spread and 
rolled until firm. The depth of the foundation course was 5 inches, 
loose measurement. Upon this a wearing course, 2 inches thick by 
loose measurement of screened rock was spread and rolled with 
the 6-ton tandem roller sufficiently to smooth and shape the course 
but not to break up the fragments. Upon the wearing course was 
applied approximately 1 gallon per square yard of the residual 
asphaltic petroleum, analysis of which is given in Table 43. The 
petroleum was heated in the large sirup kettle at the roadside 
and was spread by means of hand-pouring pots. In applying the 
hot oil care was taken to coat the rock as uniformly and completely 
as was possible. The oil was immediately covered with sand and the 
surface was then rolled until frm. As the oil was forced upward 
through the sand by rolling, more sand was distributed to absorb it. 
Shoulders, 2 feet wide and 6 inches thick, of pit-run rock or screen- 
ings, were constructed on each side of the 14-foot oil-treated road. 
Materials and cost data for this experiment are given in Table 46. 


TABLE 43.—Analysis of residual asphaltic petroleum used in experiment No. 1. 


Specific gravity 25°] 207) OW be ea a a Pee oe eee 0. 985 
Vascostty, Iineler, 100° C.. 50.ce pspecwic.. 5. 2 ee ee eee 15. 6 
Bloat test al:32°.C. (tame) scene Bisa Nie pe eo pee ole a eee ee 1/ 48” 
Wloat; test atp0” Co (ile). 322." oe. 5 eee tie ce, ey ee 0 40” 
Toss) 1639°C! 55 hours; 20 grams! per cent. 251 =. toe. ee eee eee eee 1. 64 
Ploat testof residue Vat/32° C! (time)! 255222 82 Bi Tea eee ae 6” 30” 
Float, test of residiie at 507(G-. (time)= $25.26 bs. aks Se ere ee Se 1 30” 
Per cent of total bitumen insoluble in 86° B. SIE BA ree Seen Yelm Nt Bn 17. 98% 
Wixed carbon, per.cent..:. 20 lec sei * hes 2b ee ee a eee 10. 04 
Soluble in CS, (jotal bitumen), per cent. . 2. - a2. 22. 22252 eee 99. 93 
Organic matter ansoluble,' per Gents. 29a ete ee peo eee 07 
Inorganic matier insoluble; per cent2).2..4 4. Poe oe. Be eee ee Bee . 00 
Total, ‘per; cents. -ss25-8 Ln. ess ect BA pee (Bee eee 100. 00 


1 Very viscous, sticky fluid. 
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EXPERIMENT No. 2.—Sanp-Om ASPHALT. 


Location: Station 212+-92 to station 220-++85. 
Length: 793 feet. 
Area: 1,233.56 square yards. 


| Details—The subgrade on the east end of this experiment, from 
station 212+492 to station 217+30, was an old sand-clay road, and 
in general provided a firm foundation. On this section the subgrade 
_ was dressed and rolled and the sand-asphalt mixture laid 2} inches 
thick after compression. The subgrade from station 217+30 to 
_ station 220+85 consisted of fine sand, and the wearing course in this 
_ section is 34 inches thick, laid in one course from station 217+30 to 
_ station 219+00, and in two courses, each roughly 12 inches thick 
from station 219+00 to station 220+85. Difficulty in securing a 
satisfactory bond between the two courses was experienced, owing 
to the fine sand distributed over the surface by laborers who walked 
over the first course. The sand subgrade was rolled with the 6-ton 
tandem roller, but as this left it much rougher than desired it was 
smoothed with hand rollers immediately in advance of spreading 
the mixture. | 

The heating and mixing operations were carried on about two-fifths 
of a mile from the road, where a clean, well-graded sand was found in 
abundance. All the sand was screened to remove twigs and roots, 
and also to reduce it to a finely divided condition, which undoubtedly 
facilitated heating. It was piled over 15-inch corrugated culvert 
- pipes for heating, and stirred occasionally. This method of heating 
_-was found to be costly and relatively inefficient, and lack of heated 
sand limited the daily output of the mixer to much less than half of 
its normal capacity. The mixer, which was provided with revolving 
blades, was operated by a 4-horsepower gasoline motor, and was 
placed on an elevated platform, so that it could be emptied directly 
into a chute above the wagons. For each batch 6 cubic feet of heated 
sand was carried from the heating pipes to the charging platform in 
.wheelbarrows, each carrying 2 cubic feet. After stirring the sand 
to avoid local overheating, oil-asphalt represented by the analysis 
given in Table 44 was added in an amount equal to about 10 per cent 
of the total weight, and the mixing was continued until all particles 
were thoroughly and uniformly coated with bitumen. The hot 
mixture was hauled to the road and, from dumping boards laid on 
the shoulder, was spread with shovels and hot rakes to the required 
thickness. The forms consisted of timbers placed along each side 
of the road at the proper grade. As soon as spread, the mix was 
rolled longitudinally and transversely with hand rollers, and after 
standing for some time, was covered with a light application of 
Portland cement, and rolled with the 6-ton tandem roller. The 
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timbers were then removed and ee ee shoulders, 6 inches thick 
and 2 feet wide, compacted by rolling, were mnescce | to suppol 
the sand-asphalt surface. Table 45 gives typical analyses of the 
sand-asphalt mixture. The data relating to materials and cost, given _ 
in Table 47, do not differentiate between the various sections, but are 
presented just as if the cost were uniform over the entire experiment, 
irrespective of the varying thickness of the wearing surface. . 


TABLE 44.—Analysis of oil-asphalt ! used in experiment No. 2 


Specific gravity 25°/25° O BO Se PP aD WEEN le MANGE Ne Ca og mnie Lohs Sy @ 1. 041 
Meltane pot’? ©: co 2130.1 eet Se Sha Ann Sys RE ee Sey ee ee 64 
Penetration; 25° C.5-100 crams Ab secondsys 2 kee ee en ee ee 50 
{5688-5 ‘hours, 163° C., 2o-eranis, “per cent UU, Oe 7 14” EM es ee a 0. 06° 
Penetration-of wesidue 4 asmboves = 4.10. elisa teogs. DE ei seen 38 
Per cent of total bitumen insoluble in 86° B. naphtha..............-.-------- 29. 45 
fixed carbon; per cent pin 2) 2S ear WES © De eater See ee eerie 17. 50 
Soluble: CS; (totalsbitumen)s percent 5.) ST). ye ee 99. 86 
Oreanic matter, insolable,per cent sf. 5257 3: SS en See eee . 10 


Inorganic matter insoluble! per cent.) i oe al eae: alee eee ee ee ee . 04 


1 Hard, sticky, glossy, semisolid. 


TABLE 45.—Typvcal analyses of sand-asphalt mixtures used in experiment No. 2. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


Biumen(SolubleiniCss) oso 1- eee eee eee 8.41 8. 27 9. 87 8.16 10.28 — 

Mineral aggregate: 
Retained on 10-mesh sieve.........--...-....---- 0.1 0.0 0.1 0.0 0.1 
Passing 10-mesh sieve, retained on 20-mesh sieve. 1.6 2o5 1.4 1A 1.5 
Passing 20-mesh sieve, retained on 30-mesh Sieve. 4.9 4.7 ba 4.7 4.3 
Passing 30-mesh sieve, retained on 40-mesh sieve. 10.8 10.4 10.9 - 9.4 v pi! 
Passing 40-mesh sieve, retained on 50-mesh sieve. 13.4 ADS 13.5 13.7 16.0 
Passing 50-mesh sieve, retained on 80-mesh sieve. 31.7 32:3 33.3 33. 0 33.4 
Passing 80-mesh sieve, ‘retained on 100-mesh sieve. 12.9 11.8 12.5 a bait 12.4 
Passing 100-mesh sieve, retained on 200-mesh 

SIOV. Glee ee ae we peed eee en eam 15.7 19.7 14.2 12.0 18.4 

IRASSINS O00 mes Sieve tee ee ee ee 9.2 2 9.0 14.0 6.9 
Average percentage of bitumen (soluble in CS2)..|........-- 12 [ee ee ey (NE FB 


The cost data given in Tables 46 and 47 are based on the following 
scale, of wages and unit prices: 


Foreman, per 10-hour day, $3.25. 

Subforeman, per 10-hour day, $1.25. 

Skilled labor, per 10-hour day, $1.75. 

Common labor, per 10-hour day, $1. 

Teams, per 10-hour day, $3. 

Asphaltic oil, f. o. b. Baltimore, Md., per gallon, $0.06. 

Oil-asphalt, f. o. b. Baltimore, Md., per ton, $12.50. 

Freight on oil-asphalt, Baltimore, Md., to Ocala, Fla., per ton, $6.72. 
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TABLE 46.—-Cost data, bituminous limestone. 


ae Cost per wits Cost per 
ota square ota square 
Ttem. cost. yard of Item. cost. yard of 
surface. surface. 
froueh grading -<.......-.--.. $45. 15 $0:02475|| Breight| on oils. 2. 2e 438252 8c: $57. 44 $0. 0313 
eeinetade. ...-2.-2.-5.--.----- 48, 82 .0266 |) Hauling oil to road.........-. 8. 80 . 0048 
WeSHOULGCTS...22655--.252-2-224. 77. 84 . 0424 || Heating and applying oil..... 24. 52 . 0133 
Quarrying, labor ......----..-.- 86. 84 .0473 || Hauling, screening, and 
Quarrying, explosives......-- 51.31 . 0280 Spreading sand - 2. 222-2... 8. 80 . 0048 
| Loading and hauling.......-- 179. 80 .0980 || Rolling (including cest of coal) 47.56 . 0258 
| Spreading base course... ..-.-- 10. 00 .0055 || Incidentals and supervision... 52. 41 . 0286 
; Screening limestone for wear- | 
BmIPCOUTSOLe Ja4-- thes aate ss 42.05 . 0230 Totalhcostusteesh <a ss 858. 05 . 4674 
| Spreading wearing course..... 8.65 . 0047 || Total (exclusive of shoulders).| 780.21 425 
Asphaltic oil, 1,801 gallons, qi 
f. 0. b. Baltimore, Md.......| 108.06 059 


TABLE 47.—Cost data, sand-asphalt. 


Cost per Cost per 


Total square Total square 
Item. cost. yard of een cost. yard of 
surface. : surface. 
mvougch grading -....-..-----.- $34. 80 $0. 0282 || Spreading mixture...........- $39. 56 $0. 0320 
SEMBPTACNO 2 220) 65 Se 25.01 £0203)|\peband rollings 2. 5255802 2. 5. 45 . 0044 
omoulders.......--22--.5-2--5- 119. 60 30969) |i Power rolling. °2 052222... 28: ——_——— . 0168 
Asphalt, 21.77 tons, including 20.75 |———_—_— 
BROOM sc secs fees ese ole 418.70 . 3393 Motalcost). sesccess eee 1,318.05 1. 0681 
Hauling asphalt (3% miles).... 14.77 .0120 || Total (exclusive of shoulders) .| 1,198. 45 9712 
Screening and heating sand.-.} 310.00 . 2512 || Total (exclusive of rough grad- 
Heating asphalt...........--- 67. 02 . 0543 ing and shoulders) .......... 1, 163. 65 . 9430 
| Mixing sand and asphalt......) 192.09 557, 
Transporting mixture.......- 70. 30 . 0570 


SUPPLEMENTARY REPORTS ON EXPERIMENTS PREVIOUSLY 


REPORTED. 


The experiments which were in progress at the beginning of the 
year have all been described in previous publications of the Office, 
and reference is made to these publications by number, in the descrip- 
tions below. It will be noted that the experiments undertaken at 


New York, N. Y., and Ridgewood, N. J., in 1910; at Boise, Idaho, in 


1910, and at Newton, Mass., in 1908, have all been discontinued. As 
explained in Department Bulletin No. 257, the reasons for dis- 
continuing these experiments were either that they have proved 
failures or that subsequent improvements have destroyed their 
value from the standpoint of furnishing comparable results. 


| SUPPLEMENTARY REPORT OF EXPERIMENTS AT LEMON CITY, FLA., 1914. 


OILS, TAR PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK. 


The original report of the details of construction of these experi- 
mental sections was published in U. S. Department of Agriculture 
Bulletin No. 257. 

In July, 1915, a surface treatment of asphaltic material was ap- 
plied uniformly to all the sections by the county road authorities. The 
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depression 55 feet from the south end of section 5, reported in Bulletin 
No. 257, was still noticeable, but had not increased in size appreciably. 
A few minor repairs had been made by using a mixture of sand and 
oil and the surface was in very good condition. ) 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT WEST PALM BEACH, 
FLA., 1914. 


OIL, TAR, OIL-ASPHALT, CORALLINE ROCK. 


These experimental sections were constructed on the Miami-Quebee 
Highway, about 2 miles south of West Palm Beach, in May, 1914. 
The original report giving the details of materials and methods is 
published in U. S. Department of Agriculture Bulletin No. 257. As 
shown in Table 9 in that report, the traffic over this road is heavy 
suburban and the test of the various sections is therefore rather 
severe. 

The work was inspected December 10, 1915, and the condition of 
the sections at that time was as follows: 

Experiment No.1. (Residual asphaltic petroleum, 2.3 gallons. Pen- 
etration method.)—This section is in very satisfactory condition. The 
bituminous material is still viscous, but the exudation and flow of 
the excess has ceased and the inequalities in the surface resulting 
from this flow are not sufficient to cause discomfort to traffic. There 
is no evidence of weakness developing at any point. 

Expervment No. 2. (Refined coal tars, 1.3 gallons. Penetration 
method.)—The bituminous material has continued to harden and the 
surface is becoming pitted, owing to the fact that individual rocks 
have been broken and worked out of their setting. These pits are 
small and uniformly distributed and do not cause noticeable vibra- 
tion in passing vehicles. About 25 feet from the south end of the 
section a shallow depression has formed. It is due apparently to 
settling of the pavement and not to wear. 

Experument No. 3. (Refined coal tars, 1.2 gallons. Penetration 
method.)—The proportion of rock exposed in the surface by the re- 
moval of the binder under traffic has increased visibly in the past 
year. These exposed rocks have worn lower than the surrounding 
areas still coated with tar and the surface is full of small shallow 
pits. The tar has become very hard and brittle. 

Experiment No. 4. (Residual asphaltic petroleum, 1.4 gallons. 
Penetration method.)—The surface is in good condition, but is becom- 
ing slightly rough, due to pits where the rock is exposed. The differ- 
ence in appearance between the part of the section treated with sand 
and that treated with stone chips is becoming more pronounced. 

Expervment No.5. (Oil-asphalt, 1.8 gallons. Penetration method.)— 
This section has changed little in appearance or condition and has 
resisted the action of traffic very satisfactorily. 


——————————— 
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Experiment No.6. (Oil-asphalt, 1.5 gallons. Penetration method.)— 
The surface of this section is in perfect condition. While the asphalt 
has gradually hardened it has not lost its recementing power and is 


| very efficacious as a binder. 


Experiment No.7. (Coralline Foc ipueerhonnd macadam.)—The sur- 


face of this section has worn down uniformly over the entire cross 
section and is nearly 2 inches below the surface of section No. 6, 


which it adjoins. 
SUPPLEMENTARY REPORT OF EXPERIMENTS AT MIAMI, FLA., 1913. 
OIL-CORALLINE ROCK. 


The original report of these experiments appeared in U. S. Depart- 
ment of Agriculture Bulletin No. 105 and the statement of their 
condition in January, 1915, was published in U. S. Department 


| Bulletin No. 257. By that time it had become evident that experi- 


ments Nos. 1 and 2 were not successful and they were dropped from 
the record. The remaining experiments were inspected December 
11, 1915, and their condition at that time was as follows: 

_ Expervment No.3. (Penetration method. 0.6 gallon hot heavy oil.)— 


‘The surface appearance of this section has not changed noticeably 
| in the past year, except for the gradual exposure of a few particles 


of coralline rock under traffic. The slight inequalities in the surface 


_ reported last year remain unchanged. There were no breaks or 
| seriously worn or weak spots. 


Experiment No. 4. (Penetration method. 0.7 gallon cold light oil.)— 
This section, which last year had developed only a few worn depres- 
sions, is deteriorating rapidly. The binder has become brittle and 
the tendency of the rock particles to break away and form holes 
has become general over the entire area. Repairs made with rock 
only have failed under traffic, but those in which asphaltic material 


| were added have worn satisfactorily. 


Expervment No.5. (Penetration method. 0.6 gallon hot heavy oil.)— 


_ The worn depressions and holes reported last year have increased 


ereatly in size and number. The bituminous material has lost its 
cohesive power and is crumbling. Repairs have been made with 
coralline rock without bituminous material. It is probable that the 
entire section will be reconstructed during the coming year. 

Experiment No. 6. (Penetration method. 1.0 gallon hot heavy oil.)— 
This section is in excellent condition and shows no signs of local 
failure or undue wear at any point. It is probable that no repairs 
will be required during the ensuing year. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS ON ROCKVILLE PIKE, 
MONTGOMERY COUNTY, MD., 1913. 


The original report of these experiments was given in U. S. Depart- 
ment of Agriculture Bulletin No. 105, and report of the first inspec- 
tion appeared in Bulletin No. 257. The following information covers 
the history of the experiments up to February 28, 1916: 


EXPERIMENT No. 1.—REFINED Coat Tar, Hot ApPpLicaTIONn. 


As expected at the time of the last report, this experiment required 
re-treatment during the summer of 1915. The work was done 
between July 12 and 23, using the same bituminous material as in 
the original treatment. The tar was delivered directly from the stills 
of the manufacturer in tank wagons, from which it was distributed 
under steam pressure at a temperature of 165° to 200° F. A nozzle 
delivering a conical spray was used and steam was furnished by a 
road roller which also drew the tank wagon. Since unskilled labor 
only was available, considerable difficulty was experienced in getting 
uniform distribution. Clean, washed gravel passing a 3-inch mesh 
was used as covering material over the entire experiment, as it is 
considered no longer warrantable to continue the use of trap rock on 
those sections where it was originally used. The characteristics of 
a typical sample of the bituminous material are here given, Table 48, 
and the cost data and quantities will be found in Table 55. 

At the time of this re-treatment experiment No. 1 was extended — 
northward from station 61+20 to the forks of the road at station 
90+75, thus adding 2,955 feet to experiment No. 1 and reducing 
the length of experiment No. 2 by a like amount. The reason for 
this is explained later. 

At the time of the inspection the surface was practically intact over 
the area of the original experiment. But owing to the unequal 
distribution of tar by the conical hand nozzle used, and the conse- 
quent rather large variation in the amount of covering material held 
by the bitumen, the road surface plainly shows a continuous series of 
arc-like curves. Some of these are little more than visible and produce 
no marked vibration as traffic passes, but much the greater part are 
developing as flat ridges, which are decidedly perceptible to the 
occupants of a vehicle passing rapidly along the road. From present — 
indications the lower areas, where the mat is thinner, are going to 
wear rapidly, and the amount of repairing necessary will correspond- — 
ingly increase. 
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TABLE 48.—Analysts of refined coal tar used on experiment No. 1. 


RMR Ge OPAVALY 202/209 Oseesis i eniS. ve nin Ase ect bs ds ete feeiea eles ee? 1. 205 
Ribas tmestritiooce or (tIINE) obo. Seip dr ek oe itl ta, Se Pees Se de 1’ 48/7 
HSE TRESTHH ODAIG Si Cina) Recension Pee CL ery aby 0’ 46” 
Pemeont nee caroom (ansolublo im, CS.)s..22 22.2 t se te eee cece ee ee eee ee 12. 65 
Rots ; Percent Per cent 
Distillation: by vol. by wt. 
VIS EHUB ois si Soh SE NG Be eee SNe gE a gO 0.0 0.0 
MiEsieeiimoMse bowl Oc © aw es Sols oe ee ek ale ees 1315) .3 
SecanG iomnoneatOlsto LOO) sees eee]. eth .5 
Pleavay olla MotonanOr Ca) ate 12s se ata I Oe 317, Di aiou4 
Fleavanolls (210m toslo GC!) fe. be Aes Pe PU ol cei eel 18. TACs 
IGeMeKesigtiete eee res se se see SC eS Me bee My eg 568.0 72.0 
Otley Pr My ee he eG kk ES oa 100.0 100.0 


Over the extended area of the experiment the surface is already 
broken in a great many places. Initial weaknesses, which developed 
over this section when a part of experiment No. 2, are persistent, and 
much patching has been necessary since a few weeks after the re-treat- 
ment in July. The failures are generally distributed over the surface 
and not confined to any strip. This section has an exceedingly heavy 
traffic, and during the winter is usually very dirty, owing to the bad 
condition of the lanes and adjacent roads which deliver traffic to the 
section. : 

The section of this experiment in Bradley Lane has been recon- 
structed as penetration macadam, and is described as a new experi- 
ment in another part of this publication. 


EXPERIMENT No. 2.—REFINED WaTER-GAS Tar, CoLp APPLICATION. 


Those sections referred to in the last report, from Norwood trolley 
station to Edgewood station, as being poorly drained and under 
considerable strain, became so bad in the spring of 1915 that at the 
time of re-treating experiment No. 1 with a hot refined coal tar 
it was decided to extend the re-treatment northward to include the 
weak part of experiment No. 2. 

That part of No. 2 remaining is now in first-class condition. The 
general failure, especially along the edges, that was so rapid in the 
early spring of 1914, had no counterpart in the spring of 1915, and 
during the winter of 1915-16 the experiment has remained in excellent 
condition. While there are no indications of general failure, the 
mat is becoming very thin, and it is planned to give a re-treatment 
during the summer of 1916. The section of this experiment in Bradley 
Lane has been reconstructed as a penetration macadam and is 
described as a new experiment in another part of this publication. 


1 Solid. 2 Clear. 3 One-third solid. 4 One-fourth solid. > Hard, brittle. 
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EXPERIMENT No. 3.—ASPHALTIC PETROLEUM, CoLD APPLICATION 


During the winter of 1914 the surface cracked and crumbled in 
places as during the preceding winter, and in many places mud 
formed. ‘This ironed out under traffic, but the mat was so thin and 
broken that a second re-treatment became necessary and was applied 
June 25 to 30, 1915. A short section at the north end was not 
finished until August 16-18. The work was done by hand, as described 
in the last report, using the same bituminous material originally 


applied and torpedo sand similar to that used on experiment 7. 


Table 49 shows the characteristics of the bituminous material used, 
and cost data will be found at the end of this report. 


TABLE 49.—Analysis of asphaltic petroleum used on experiment 3. 


ppeciic gravity, Zo (25°C JOUR AN Gabe. at) Bake. 379 Pe ee ae 0. 932 
Hlash pom Ci er eos Res re Ta ee ae! ee Ree ee cs 35 
Burning point, °C. 2:5. 2A scsi ges ee Eee 2 ee ee ee ee 70 
Wiscosity “eneler50 exc, at 25> Cspectic: 5. ee ae 61.9 
Z,088, 5 hours,-at 163°-C.,.20 grams, percent)... 5a ee ee a 22. 94 
Hloat test of residue-at' 32° Ce tamel oe ee ee ene ae 5/ 53/4 
Hloat test-of residue at 50°C. thme 2. 2it b oe es ee 1’ 297 
Percentage of total bitumen insoluble in 86° B. naphtha...................-- 13. 67 
Fixed carbon, per cent. ..45: 2. eee Pee ee eee eet ea ee eee 7. 62 
Soluble in CS, (total bitumen), per cent... 2-2-2242... ee 99. 90 
Organic matteransoluble yper icenti. 2 25 see ae SEs. 3 ee .10 
Inorganic. matter ansoluble, per.centi. 2. -.c.2l)5 3a 52: See eee tase eee . 00 
Total, per cent... <5... - aj<< A ee ne 100. 00 


This experiment is becoming rough on one hill, where frequent 
unusual repairs have had to be made, as described in an earlier 
report. Except for this the surface presents the same character- 
istics as it did a year ago. During cold weather the mat crumbles 
rather freely and at the first thaw mud is formed. If traffic is not 
too heavy and the mud is not displaced the surface mat is restored 
rapidly as the surface dries and generally assumes its corky nature. 
If the mud is displaced to any marked degree, as is very likely to 
happen if there is a snow storm followed by a thaw, then the mat 
is not restored along the wheel tracks and two broad, shallow ruts 
are the result. The stone is soon exposed along these ruts and dis- 


integration follows rapidly. At the time of inspection ruts had 


formed along about 200 feet of this experiment at the same poimt 
where they formed in the winter of 1914-15. 

It is planned to give this experiment a fourth application early 
in the season of 1916. Except as noted above, the surface is smooth 
and in essentially as good condition as at the time of construction. 


EXPERIMENT No. 4.—REsIDUAL ASPHALTIC PETROLEUM, Hot APPLICATION. 


This experiment continues to present the best appearance of any 
of those still carrying the original treatment. No re-treatment was 
necessary during 1915, but it is probable that one will be required 


——————— ————=—— = ——— —_ = ne 


— — = a a 
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during the coming summer. The surface has not become so muddy 
at any time during the winter of 1915-16 as during that of 1914-15. 
The bumps due to faulty distribution at the time of original treat- 
ment are still visible and cause considerable trouble. They have 
been repeatedly cut and trimmed, but owing to the excess of bitu- 
minous material the spots have required top dressing in the hottest 
weather, and this builds them up again. ‘There has been considerable 
repair work necessary over all of the experiment, but no place shows 
marked weakness. Patches made on this experiment are unusually 
smooth and serviceable, and so far there appears no tendency for 
the original surface to break or give way around patches. 


EXPERIMENT No. 5.—ReEsmIDUAL ASPHALTIC PETROLEUM, HoT APPLICATION. 


This experiment, like No. 4, shows less tendency to become muddy 
during thaws, although dampness of subgrade continues to be very 
noticeable. During the past summer a great deal of patching has 
been necessary and the breaks have been somewhat more numerous 
in the bottoms and poorly drained sections than elsewhere, although 
they have been general. It is now expected that the experiment 
will require re-treatment during the comimg season. 


EXPERIMENT No. 6.—WATER-GAS TAR PREPARATION, Hot APPLICATION. 


This experiment required but little attention during 1914, but 
early in the spring of 1915 it began to break up rather rapidly. 
The nature of the failure was very similar to that described for 
experiment No. 2 in 1914. Breaks in the mat at the sides of the 


_ road progressed rapidly toward the center and any raw edge of the 


mat had a tendency to crumble away rapidly. It was always neces- 
sary to give immediate attention to patching, and even with care 
in some instances patches had to be made that extended from the 
sides nearly to the center of the road and were from 4 to 6 feet long. 
It finally became necessary to re-treat November 8 to 12. The 
work was done by contract, using the same type of bituminous 
material as originally applied and covering with clean, washed 
eravel passing a $-inch screen. The contract price was $1,170 or 


' 11.1 cents per square yard. The characteristics of the material 


used are shown in Table 50 and additional data are given at the end 
of this report. 


TaBLE No. 50.—Analysis of water-gas tar preparation used on experiment No. 6. 


PE MEERA AVE a2 o OM 0 css pects AU EOL A aEbsta dal Wend sisie ie Ie aah phlom ats 1.136 
PRC DNO OR OA OLMIMIONH Yt jukho SOLE See ee eel a Oe Sh ale PAM AEM, 
ibnee carbon Gnsoluble in.CS,), per cent......--------- 222-2222 - eee eee eee iival 
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Distillation: fe fay ie per 
Woatericeoe 2) Se i Re a ee gangs eee eS a 0.0 0.0 
Barstheht orls*otl 0 Carre ee ea ere eee 0.0 0.0 
Second light‘ ovlsi(l10°toMsO%C ac 2 See ee Cae 0.0 0.0 
Heavy oils :Gi/Ofato 270 ACen fe a See re ort: Ripe ae pase ae 10.9 8.7 
Heavy, otlss@70 [sto Siar Cn\e Fe kas ee ee eee ae ee 211.4 10.4 
Prtch restdu eG. pee se copa. cs See ee a ea ace TTB 80.9 


Wotalite.ca god. .t panties hii nee eee 100.0 100.0 


The covering was applied somewhat too heavily. This was in a 
measure due to a desire to prevent excessive bleeding in the spring. 
Reference to the preceding report will show that the original treat- 
ment bled very freely, and already, at the date of inspection (Feb. 
28) the re-treated surface became sticky on sunny days. Material 
is now distributed along the road ready for use at the first indication 
of stickiness. The surface is in excellent condition now, fully as 
good as when originally built, and at the date of inspection there 
was not a break in it. 


EXPERIMENT No. 7.—ASPHALTIC PETROLEUM, CoLD APPLICATION. 


Reference to the last report will show that this experiment was — 
showing signs of weakness in the fall of 1914. It should have been 
re-treated at that time, as conditions in the spring of 1915 have since 
clearly shown. ‘The mat was quite generally forced aside or carried 
away along two broad, shallow ruts when the surface became muddy 
in the late winter of 1914-15, and in many places the road metal 
began to ravel. These ruts were from 18 inches to 2 feet wide and ~ 
frequently the entire hand could be slipped under a straight edge — 
laid across the rut. A very large amount of patching was necessary 
to put the experiment into condition for a re-treatment. The re- 
treatment was given June 21 to 23, 1915, using the same bituminous 
material as in the original re-treatment (Table 51), and covering with 
torpedo sand, represented by the analysis given in Table 52. The 
quantities and costs are given in Tables 54 and 55. 

At the time of the inspection this experiment was in excellent 
condition, except on one or two very short sections where the rutting 
was excessive last sprmg. The re-treatment application was very - 
light and there appears to be no noticeable accumulation of mat. — 
The experiment will probably require re-treatment late in the summer ~ 
of 1916. 

1 Clear. 


2 Clear; showed 10.0 per cent insoluble in dimethyl sulphate. 
3 Hard, glossy. A 315°-350° C. fraction showed 12.5 per cent insoluble in dimethyl sulphate. 
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TABLE 51.—Analysis of asphaltic petroleum used on experiment No. 7. 


Preece erawmye Zon 2orm Care Ge Oe UM NTIS | BY Oy Oye Maes a ld 0. 958 
silasHiepoint; (C2 eee nh. ok eis e a) Ske arnt Oa tone Sete 32 
Burning point, °C.......... SS iS MR aT Re ae DS A a eS 81 
eerScOsiianyanelen.<20.,©...00)'CC..SPeCHIC 2... ne Eee ee 96.8 
oss 5 bts at Loae. 20 orams, per cent. 3-2 ..- 2.2226. ee ec ee 25.57 
Minambesomrtesidue;t oO0-C. tN wo) ele bees WAS 
Per cent of total bitumen insoluble in 86° C. naphtha.............22....... 5.88 
EbexculgcanpOnapencentee sashes hue ogee Le OOS 3. 60 
PUMibrenn C.o>(tOtalepitumen). percent.) ....-. 22. fo... bt eee eee nee ee 99. 90 
Sreauienmatver msoluple, per Cent (oe ee cee . 08 
imoranie matter imsoluple:per Cent.... 2: .2-4-----222 22.2. e eee eee eee 02 
GEOAEM  [ OGLE SNA Bags Bian ne ST A aia Nh 100. 00 
TABLE 52.— Mechanical analysis of sand used on experiment No. 7. 

Per cent. 

Passing }-inch screen, retained on $-inch screen. ..-.....---------------.---- 10.6 
Passing 4-inch screen, retained on 10-mesh sieve.........-..--2----.----2-+---- 5.3 
Passing 10-mesh sieve, retained on 20-mesh sieve.........---.--------------- 10.8 
Passing 20-mesh sieve, retained on 30-mesh sieve..........----2--+----------- 9.8 
Passing 30-mesh sieve, retained on 40-mesh sieve.........------------------- A383 
Passing 40-mesh sieve, retained on 50-mesh sieve........-....-------+--+--+-- Pe AL 
Passing 50-mesh sieve, retained on 80-mesh sieve ...:......-..---------+----- 20.5 
Passing 80-mesh sieve, retained on 100-mesh sieve.......---------------------- 5.3 
Passing 100-mesh sieve, retained on 200-mesh sieve.........---.------------- 2.9 
_FHISTSTMEN ACID ef aN SUVS KS gh I Aa I en et Peo 9.4 
Mo Lalas ene ee aC) eh a ok ee 100. 0 


The traffic census has been continued, regular counts being taken 
every 13 days. The point of observation was changed on June 26, 
1915, so as to give better control, and the period of observation was 
reduced to 16 hours. <A tabulation of the maximum and average of 
each class of traffic for the period between June 26, 1915, and Febru- 
ary 28, 1916, is given in Table 53. Traffic south of the census sta- 
tion is on experiment No. 1, that north of the station is on experi- 
ments Nos. 2 to 7, inclusive. 


TABLE 53.— Volume and character of traffic on Rockville Pike at the north end of section 1. 


= Sections 2 to 7. Section 1. 
Wehicles Maximum. Average. Maximum. Average. 


North- | South- | North- | South- | North- | South- | North- | South- 
bound. | bound. | bound. | bound. | bound. | bound. | bound. | bound. 


ee Oe Oe eS ee ————————————_ —————— _—E—E— 


Loaded 1-horse wagon..........-.---- 18 9 8 4 30 13 16 8 
Unloaded 1-horse wagon.........-.--. 9 16 5 8 18 27 15 
Loaded 2-horse wagon..............-- 22 16 7 6 59 24 25 11 
Unloaded 2-horse wagon...........-- 10 22 3 5 15 44 5 17 
Loaded 4-horse wagon..............-- 1 Bi leeows els 1 2 Oy ae eons 2 
Unloaded 4-horse wagon............. 3 Dhl ecoeaseraecese aes 6 2 1s Raia saa 
1-horse pleasure vehicle............-- 14 15 6 6 30 28 15 15 
2-horse pleasure vehicle.............- 1 7 VS OG ce aoe) eGOOoOG 1 Deltora sdNG| al ee cers 
Pan MIGMHOESOs sc: saksc. 2-62-25. 4-2 .- 19 7 4 4 18 25 7 7 
MIGEOMECVCIO) = co ee elt sll. 48 78 16 17 55 71 22 21 
_ Excessively heavy vehicle..........-. 2 OF BB HEB sen BOnebe oe 14 5 ra Meee h 
Motorrunaboub. 62. :5....-..222-.-.- 74 90 24 26 88 104 35 37 
Motor touring Car... 26 ...5.5.:.--.--. 381 528 117 126 442 582 163 169 
Loaded motor dray......-...-------- 26 26 15 16 63 43 31 25 


Unloaded motor dray.........------- 10 13 3 Cia oir U7 48 7 15 
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Tables 54 and 55 show comparative cost data to date for the various 
experiments included in this project. 


TABLE 54.—Surface maintenance costs of 1913 experiments on Rockville Pike, Mont- 
gomery County, Md., to December 31, 1915. 


Total | Surface2| Total 


cost 1 main- cost of | Surface Total 
Ex- Date per tenance | surface genet imate 
peri- F : : e square per per enance | tenance 
ment Bituminous material: ete Length. yard Square | Square | per mile} per mile 
No. P i prior to yard yard to | per year for 
Jan.1, | during | Dec. 31, 1915. 1 year. 
1915. 1915. 1915. 
1913. Feet. Cents. Cents. 
1 | Refined coal tar (hot)....| Sept. 22 9,060 12. 34 15.36 $27.70 |$1, 129.90 | $1,486.49 
2| Refined water-gas tar 
(cold) eee en ee eee Sept. 24 4, 425 9.55 9. 34 18. 89 137. 81 202. 22 
3 | Asphaltic petroleum 
Cold) -2as sess eee Sept. 30 7, 400 9.05 11.37 20. 42 401.20 529. 25 
4 | Residual asphaltic pe- 
troleum (hot).....---- Oct. 15 7,100 11. 28 3. 93 15. 21 170. 20 276. 73 
Syl wee GOn peste soe eee Nov. 21 6, 775 11.30 4.02 15.32 141.78 226. 68 
6 | Water-gas tar prepara- 
Oa (CNH) kX Sacdeboades Nov. 26 6, 325 11.71 15. 82 27.53 | 1,200.48 | 1,270.93 
Asphaltic petroleum 
Cold) tee eae eoeeesee Dec. 5 6, 689 10. 03 10. 38 20. 41 828. 84 894, 24 
1 Average for trap and gravel. 2 To December 31, 1915. 


TABLE 55.— Materials and cost data for surface retreatments in 1915 on Rockville Pike, 
1913 project. 


Quantity of material per Cost per square 
square yard. yard (cents). 
Sec- Area 
tion Bituminous material. of 
No. section. | Bitum- Bitum- 
inous Gravel. Sand. inous Gravel. 
material. material. 


a ee ee ee ee 


Sq.ft Gallons. | Cu. yds.| Cu. y 
1 | Refined coal tar, hot application... -. 15, 000 0. 425 FOL4G| Sasesae: 0. 038 0. 043 
3 | Asphaitic petroleum, cold application 7,400 SLGDr Eos ae 0. 016 0140)... ..cee8 
6 | Water-gas tar preparation, hot appli- 
CALION: cee seater eee ee eee 10, 542 474 018) 222 -c oot |Poe ee e 
7 | Asphaltic petroleum..-...........-.-. 11,148 204 ies sacnen ce 011 022: |< 32. 22a 
Cost per square yard (cents). 
Hon Bitumi terial Applyi 
ion i nous material. Applying | , pplvi 
No. Cleaning] bitu- |“PP'Y28! super- 
Sand. | surface. | minous Se ve vision. | 70tal. 
material. | 8'@V@- 
1 | Refined coal tar, hot application.....|..-...-.-..- 0. 003 0. 007 0.015 0. 003 0. 109 
3 | Asphaltic petroleum,cold application 0. 036 - 002 - 008 - 005 - 005 . 070 
6 | Water-gas tar preparation, hot appli- 
(FU) eee Ore Sr OSCCC ODO HODS SUS In| MopcoebS cdl loca Spaced iccescoosH boas sonesn |socoesoucr 1.111 
7 | Asphaltic petroleum...............-- . 023 001 006 004 002 058 


1 Work done by contract. 


t 
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SUPPLEMENTARY REPORT OF EXPERIMENTS AT WASHINGTON, DBD. C., 


1912. 


TAR PREPARATION AND OILS, SURFACE TREATMENT. 


appeared in United States Department of Agriculture Bulletins Nos. 


105 and 257. The following report describes the condition of the 
|\pavement before re-treatment, the extent of the repairs during 1915, 
j/and the condition of the experiments when inspected on February 
\25, 1916. 


Section No. 1.—REFINED WATtTER-GAsS TAR PREPARATION. 


Section 1 appeared intact and required neither repairs nor re- 


||treatment during the summer of 1915. 


Section 2 raveled locally in some spots to a depth of 2 inches or 


‘\more. Most of these failures were along the wheel tracks. Only one: 
was at the edge, and this failure was probably due in some measure 


to defective drainage. The mat was worn unevenly, and over con- 
siderable areas was entirely gone. The entire section was repaired 


with penetration patches, in which an oil asphalt and limestone were 


used, top-dressed with trap chips. 
The cost of patching was: 


Mr lg re ee 80 


Notables 2.22.62 <--c----|-------2---+--------- 17, 60=$0.0155 per square yard. 
The section was then re-treated with the same materials originally 


jused. An analysis of the asphaltic petroleum is given in Table 57. 


Section No. 3.—REsIDUAL PETROLEUM. 


Section 3 had been persistently muddy during the last winter and 


| spring. The oily mud had been forced aside from the prevailing 


wheel tracks, so that many bare places and depressions existed, and 
one long rut about 14 inches deep and 8 to 10 inches wide had devel- 


_ oped along the north edge for some 75 or 80 feet at the west end. 


TasBuE No. 56.—Cost of preliminary repairs per square yard. 


Section. Labor. Materials. Total. 


The original report of these experiments was published in Circular: 
No. 99 of the Office of Public Roads, and inspection reports have: 


aes a a RS Se Se ae eee 
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The section was first patched in the same manner as section 2 and 
then re-treated. To avoid, if possible, the marked deterioration of 
this section durmg the winter, the material used on section 4 was 
selected for this re-treatment, instead of the original material. The 
cost of repairs was: 


PRON Seco tees ore Oe ee ee ee ee $7.75 
Materials: 3iit0s 22 ae 1 SE ees 5. 18 
DOG A a eye's o's c os a eae nce age mee: Iam 12. 93=$80. 0182 per square yard. 


SecTIon No. 4.—AspHALTIC PETROLEUM. 


Section 4 remained in generally good condition. It required no 
preliminary repairs and was re-treated with the material originally 
used. An analysis of the bituminous material used on section 3 and 4 
is given in Table 57. 


TaBLE 57.—Analysis of asphaltic petroleums used on sections Nos. 2, 3, and 4, Wash- 
ington, D. C., 1915. 


: Sections 3 
Section 2. anda 

Spe ecific gravity PAst4 DSN OR SA RO eran ae SORES NSPE Ls te aa Mae BEE Pee ONY Eee 0. 963 0. 949 
lash points C22 me sacs ceria estate me ee t= ee eet eae 31 30 
Burning point 2C on... Ps sk seas a ees SO eee Eee Sen eee eee 84 70 
WASCOSIL Zab Zon ©2150 .COs ENS OTIS DOCII Cisrscep ae eee se eee 128.4 94.8 
Loss, 5 hrs. at 163° C., 20 ee Per Cent ses Loo. ces Se ea i ee 23. 14 30. 51 
Float test on residue, 32° C. (time) NE ane ee lO ete Bae Rhee NA bee ee Os DESite 4’ 35" 
Float test on residue, 50° C. CUTTTLC) ES ee ah i Sara aN een cpt ere, eee er qa" 1 238 
Percentage of total bitumen insoluble in 86° B. Map ithaset eee eee 5. 96 14. 03 
Hixed carbon; per Cent 222) oso ss seer cme ce em ee aoe gee ee ee eee ae 4.62 7.70 
Soluble in CS (otal bitumen), percente.---- 2-82-22 es eo eee ee 99.94 99. 90 
Organic matter insoluble in CSs, per cent... .--.- 22.2 --- 222-2 52222 e eee eee meee 0. 04 0. 05 
Inorganic matter insoluble in CSe, per cent......-...----2--2--- 22-2 52-- 2-2-2 == 0. 02 0. 05 
Motal, per Combe... 52 on sian ad eo cenh Aee Foe are. ee 100. 00 | 100. 00 


TABLE 58.—Quantities and costs of re-treatments per square yard. 


Costs (materials). 


Section No. Area. Bitumen. Sand. a 
: otal ma- 
Bitumen. Sand. teriiel 
Sq. yds Gallon Cu. yd Cent. Cent Cent 
PANS ba ed ten ag is abe be age eae eager 1,129 0.044 0.003 0.0089 0.0044 0. 0133 
Bae, 5 ORE OR oe ae Seine ae 711 . 229 .007 . 0137 .0114 0251 
AiR Bip. orcs ate fomis yo epee Hees as 1,330 . 150 .007 . 0090 . 0122 0212 © 


Costs (labor). 


Section No. 
Sweep- | Pouring | Broom- | Spread- | Hauling | Superin-| Total Total 


ing. oil. ing oil. |ingsand.| sand. |tendence.| labor. costs. 
e 
Cent. Cent. Cent. Cent. Cent. Cent. Cent. Cent. 
eee ee rela te eeiere 0.0018 0.0015 0.0039 0.0012 0.0039 0. 0049 0.0172 0.0305 
Desserts . 0048 .0014 . 0057 . 0024 - 0046 . 0058 . 0247 . 0498 


b Bete ee SORES ADC - 0011 - 0007 - 0024 - 0012 - 0008 - 0052 - 0014 . 0326 
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At the time of the inspection made on February 25, 1916, the con- 


| dition was substantially as follows: 


Section 1, which was not re-treated during the past season, appeared 
in no need of re-treatment. 
Section 2 had become rough and uneven, owing both to settlement 


under traffic in extremely wet weather and to disintegration of the 


surface. One large hole had developed on the south side at a point 
where traffic entering from Fourteenth Street fails to turn closely 


_ enough to the north corner and in consequence shears away the south 
_ edge for several feet. This section has also a number of potholes and 


spots where the mat was entirely worn away. Extensive repairs will 
be necessary as soon as the weather permits. 

Section 3 suffered as usual on account of seepage from the terrace 
that lies along the south side of the section. An effort was made to 
drain this section and a small part of section 2, but sufficient funds 
were not available to complete the work. 

Section 4 has remained in excellent condition. Only one small 
area at the south end has required any attention. The break at this 
point was due to the impact of traffic passing from the asphalt drive- 
way to the surface treatment. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD., 
1912. 


| BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE, VITRIFIED 


BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE. 


The original report of these experiments was begun in Circular No. 
99 of the Office of Public Roads and completed in U. S. Department 


of Agriculture Bulletin No. 105. Report of inspection made on 


March 14, 1915, was published in Department Bulletin No. 257. The 


following report covers the condition of experiments on February 


28, 1916. 
EXPERIMENT No. 1.—Brtuminous CONCRETE, TOPEKA SPECIFICATION. 


The general appearance of the experiment is the same as at the last 
inspection. Imperfections then noted still exist in addition to those 
noted here. There is one bad break at the north side of the turn into 
Bradley Lane. Both surface and concrete gutter are broken and 
indicate some unusual blow. The depression noticed about midway of 
the section near the curb has increased in size and depth. A second 
cup-hole 200 feet north of Bradley Lane, near the east side of the 
road, and a third one, 60 feet from the north end of the limestone 
section, were noted. In the last 60 feet of this section, 10 or 12 shght 
imperfections appear. On the trap section a noticeably increasing 
waviness occurs along the gutter for a width of 2 to 23 feet. 
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EXPERIMENT No. 2.—BritumiInovus CONCRETE, DIsTRICT OF COLUMBIA SPECIFICATION. 


This surface continues in essentially the same condition as when 
last reported. The same cracks were noted and in addition the sur- 
face is worn near the curb and gutter, but is generally firm and smooth 
even in these places. Small pits are to be found quite generally 
scattered over the south two-thirds of the limestone section. These 
decrease toward the north end. The expansion joint which was noted 
in the last report as having failed again buckled in the spring and 
early summer of 1915. The Portland cement concrete block, 1 foot 
wide and approximately 18 inches deep, which was put in at this joint 
was sheared horizontally by the stresses developed and the top 6 
inches of the slab was lifted intact from the rest of the block. To 
repair this joint, all of the broken concrete of experiment No. 3 was 
removed. The crack limiting the area of failure was from 2 to 4 feet 
back of the expansion joint. This entire section was re-laid with 
concrete similar to the original experiment, with a 24-inch joint left 
for expansion. This joint was filled with heavy oil puddled with 
sand. 


EXPERIMENT No. 3.—CEMENT CONCRETE AND O11-CEMENT CONCRETE; SURFACES 
TREATED WITH BiTuMINOUS MATERIALS. 


The surfaces of this experiment have been permitted to wear with- 
out repairs and the condition of the various sections at the time of 
inspection was noted as follows: | 

(A) Refined coal tar.—Twenty to 25 per cent of the surface treat- 
ment has worn off this section. The side toward the gutter shows 
considerably more exposed concrete than the other side. 

(B) Water-gas tar preparation No. 2.—This area continues slightly 
better than A, but is deteriorating more rapidly now than during last 
year. 
(C) Fluxed native asphalt No. 2.—Highty-five per cent of the mat 
is gone on the west half and about 1 per cent on the east half. 

(D) Fluaed native asphalt No. 2 over water-gas tar preparation No. 
1.—About 85 per cent of this treatment has disappeared from the 
west half and about 5 per cent from the east half. 

(E) Fluzed native asphalt over native asphalt emulsion.—About 85 — 
per cent of this area is bare on the west half of the road and about 10 
per cent on the east half. 

(F) Oil asphalt No. 1 over water-gas tar preparation No. 1.—A few 
scattered patches only of the surface treatment remained. 

(G) Refined coal tar—The surface treatment is worn off to a great 
extent over the entire section. 

(H) Water-gas tar preparation No. 2.—Seventy-five per cent of the 
surface is worn off from the west half but the east half remains almost 
intact. 
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(I) Fluxed natwe asphalt No. 2.—About 60 per cent of the treat- 
ment is gone from the west half but the east half remains almost in- 
tact. 

(J) Ow asphalt No. 2.—About 35 per cent of the surface treatment 
is gone from the west quarter of the road. The remainder is almost 

intact. : 


EXPERIMENT No. 4 (Om-CEMENT CONCRETE) AND EXPERIMENT No. 5 (CEMENT 
CONCRETE). 


During the interval of another year there appears to have devel- 
oped a slight difference in the wearing of the two classes of concrete. 
On the gravel, limestone, and trap sections, the oil-cement appears 
to have worn a little more than the cement concrete. The trap 
section especially has become much rougher for a width of 2 feet 
along the gutter. The marked difference in the wear on the east and 
west sides is perhaps more noticeable than at last inspection. 


EXPERIMENT No. 6.—VITRIFIED BRICK. 


There is no plainly visible difference in wear between the several 
sections of this experiment. 

A traffic census has been taken on this road every thirteenth day 
for a 16-hour period. A tabulation of the maximum and average for 
each class of traffic from March 8, 1915, to February 22, 1916, is given 
in Table 59. The west side of the road carries south-bound traffic 
_ coming from the railroad and the east side carries north-bound traffic 
_ toward the railroad. 


TaBLE 59.— Volume and character of traffic on Connecticut Avenue north and south of 
Bradley Lane and on Bradley Lane. 


North. South. Bradley Lane. 
Maximum.| Average. | Maximum.| Average. Maximum. Average. 
Vehicle. Leeres AEs ———_—__—__—__———. 
East | West | East | West | East | West | East | West| East- | West-| East- | West- 
side. | side. | side. | side. | side. | side. | side. | side. |bound./bound.}bound./bound. 
Loaded 1-horse wagon. . 6 22 2 13 18 14 9 8 14 10 5 4 
Unloaded 1-horse wagon 8 20 2 10 17 17 7 8 12 14 5 5 
Loaded 2-horse wagon. . 12 82 5 34 21 88 9 32 30 12 10 6 
Unloaded 2-horse wagon| 55 34 14 16 80 12 30 4 8 19 1 7 
Loaded 4-horse wagon. . 2 4 0 1 3 3 1 1 3 2 1 0 
Unloaded 4-horse wagon 1 1 0 0 1 1 0 0 0 1 0 0 
1-horse pleasure vehicle. 5 16 1 7 15 10 7 5 11 13 4 4 
2-horse pleasure vehicle. 0 3 0 0 5 3 1 0 3 3 0 0 
’ Rubber-tired horse ve- 

LOW) a) ee ay ees tee 0 0 0 1 1 0 0 0 0 0 0 0 
Saddle horse........... 10 50 2 3 10 13 3 3 5 43 1 3 
Motor cycle............ 6 35 1 13 22 17 11 9 24 13 8 7 
Excessively heavy ve- 

feleOmerye see eet Pe 1 9 0 1 5 5 1 1 2 3 0 1 
Motor runabout........ 22} 136 4 59} 171) 120 70 47 67 66 25 28 
Motor touring car...... 84] 589] - 10] 211] 546; 502} 242) 169 300 264 85 95 
Loaded motor dray....| 32 81 2 34 53 39 30 23 22 29 13 16 
Unloaded motor dray..| 13 33 1 12 20 32 6 10 10 9 4 4 
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MAINTENANCE DURING 1915. 


Repairs on these experiments, together with the total cost of each 
experiment to December 31, 1915, are shown in Table 60. 


TABLE 60.—Surface maintenance costs of 1912 experiments at Chevy Chase, Md., to 
December 31, 1915. 


l 
| Maintenance cost of experi- | Total cost per square yard 


ment. 
| Date |. | 
: - com- | 
Experiment No. | pleted. Area. Total for has 
| projects /Construc-| Mainte- 
to Dec. | 1945 Total "tion. | nance. | ~Oe 
31,1914. | 
BEA | as eee Ss 
Sq. yds. | 
Pb F Seishin eck 1912 1 A9S i ee $3. 25 $3.25 | - 186.62 | 0. 22 186. 84 
Drees See See sie done 1,400 | $4.11 3.55 7.66 | 195.68 | Ars}9) 196. 20 
Get es AA eat ERY | Spring, 2, 837 1.03 2.54 3.57 | 1142.12 . 13 142. 25 
191 
Be, Soak seen EOE = Se | arate dos== 3,019) 2.15 18.35 20.50 | 1151.21 | . 68 151. 89 
earls eter eres [e220@2E =: 3,013 | 2. 07 20. 66 22.73 | 1143.13 15 143. 88 
pee et ee Pow lnad & 2,055 | 1.36 41 1.77) 258.21 | 08 | 258.29 


1 Weighted average price for different aggregates. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD., 
1911. 


BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT. 


The original reports of these experiments are given in Circulars 
Nos. 98 and 99, Office of Public Roads, and supplementary reports 
appear in U. 8. Department of Agriculture Bulletin No. 105, and 
again in Department Bulletin No. 257. The following report is 
based upon an inspection made February 28, 1916. 


Section No: 1.—REeEFINED Coat Tar, PENETRATION METHOD. 


At the time of the inspection this experiment presented a surface 
almost intact, except at the narrowest part on the curve, where traffic 
is much concentrated. Here the mat is wearing off in sections. The 
experiment is becoming somewhat rough along the gutter on the west 
side, due probably to failure of the foundation. A similar condition 
is noticeable in many of the sections of this project. 


Section No. 2.—ReEFINED Coat Tar, MopDIFIED GLADWELL METHOD. 


The condition of this section continues about the same as when 
last inspected, except for a slightly increased roughness along the 


gutter edge. 
Section No. 3.—FLuxED NatIvE ASPHALT, PENETRATION METHOD. 


Wear on this section continues along the line indicated last year. 
Those areas which were without mat at the time of the last inspection 
are quite generally marked with small pits which are adjacent to large 
particles of exposed aggregate. 
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Srction No. 4.—GILSONITE O1-ASPHALT, PENETRATION METHOD. 


The mat on this section is nearly gone and during the summer, 
especially on the north half of the experiment, heavy patching was 
necessary. From indications it is probable that similar heavy patch- 
ing will be required on the south half during the coming season. Dis- 
integration has appeared along the gutter, due to foundation failure. 
The mat is decidedly lacking in uniformity, but where the mat is gone 
the stone is generally well bonded and is wearing smooth, except 
along the gutters and near the south entrance to the Chevy Chase 

Club. At this latter point several areas of approximately 1 square 
foot each are a mass of small cracks, although the mat still covers 
the stone. These spots are probably evidence of foundation weak- 


ness. 
Section No. 5.—Om-ASPHALT, PENETRATION METHOD. 


On the east side of the car tracks this section is in generally good 
condition. The mat is becoming very thin, however, especially on 
that half of the road toward the gutter, and the stone is exposed 
over large areas; but the aggregate appears well bonded, and the 
exposed faces are wearing smooth without much tendency to ravel. 
On the west side, while the road is much more worn and has been 
heavily patched, especially toward the south end, it is now practically 
intact, although rough. 


Section No. 6.—Orm-AspHALtT, PENETRATION METHOD. 


_ This experiment has the general appearance of section 5. The east, 
side is worn somewhat more evenly than 5, and the stone is more 
generally exposed, but there is no tendency to ravel. A seal coat 
‘should be given in the spring. On the west side the surface is less 
uniform and is badly pitted and rough for about 50 feet along the 
|gutter near the north end. This is probably due to foundation 
failure, as mentioned in other sections. The location of this experi- 
ment was such that at the extreme north end traffic passed over it 
in almost every possible direction. The main entrance to the Chevy 
| Chase Club, a brick crossover on the suburban trolley tracks, the 
‘| turnout to Bradley Lane, and the fact that from this point north- 

ward Kensington Road is surfaced on only one side, while to the 
| south it is surfaced on both sides of the tracks, were conditions that 
brought such unusual traffic on the extreme end of this section as to 
| Wear it very seriously. The adjacent experiment and the brick 
| crossover are much more resistant types of surface than the pene- 
tration experiment. This contrast is brought out by the fact that 
Over an area of 12 to 15 square yards the penetration experiment was 
worn from 1 inch to 24 inches below grade. During the past summer 

it became necessary to remedy this condition and it was done by 
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scarifymg a section about 40 feet long so as to include the entire 
Chevy Chase Club entrance, then using the scarified material as a 
base and laying a new wearing surface of bituminous concrete of the 
analysis given in Table 61. A sample of the fluxed native asphalt 
used in the mixture gave the analysis shown in Table 62. At the 
time of inspection this intersection was in perfect condition. The 
total area of the intersection, as rebuilt, was 100 square yards, and 
the work was done by contract at a cost of $150. 


TABLE 61.—Analysis of bituminous concrete used in resurfacing a portion of section 6. 


Per cent. 
Bitumen soluble in; CS, (total) bitumen)= 2c. 4.2522. 2) 22 bien 2 US Boe 9.5 
Mineral aggregate passing #-inch screen, retained on 4-inch screen.-......-.-.. 2.0 
Mineral aggregate passing 4-inch screen, retained on +-inch screen.-...-.....--- 11.0 
Mineral aggregate passing +-inch screen, retained on $-inch screen.-......-....- 15.3° 
Mineral aggregate passing 4-inch screen, retained on 10-mesh sieve.....-....-- 5.6 
Mineral aggregate passing 10-mesh sieve, retained on 20-mesh sieve........... 14.1 
Mineral aggregate passing 20-mesh sieve, retained on 30-mesh sieve.......-- .. 
Mineral aggregate passing 30-mesh sieve, retained on 40-mesh sieve........... 9.3 
Mineral aggregate passing 40-mesh sieve, retained on 50-mesh sieve.....-...-- (ie 
Mineral aggregate passing 50-mesh sieve, retained on 80-mesh sieve.........-- 11.5 
Mineral aggregate passing 80-mesh sieve, retained on 100-mesh sieve..-.....-. 2.8 
Mineral aggregate passing 100-mesh sieve, retained on 200-mesh sieve.....-.-.-- 3.9 
Mineral aggregate passing 200-mesh sieve...........--.---------------------- 7.6 | 
Wotal. 2 sca. Cees ge ee es Ea a Sa 100.0 


TABLE 62.—Analysis of fluxed native asphalt used in bituminous concrete, section 6. 


Specificivravity, 25°/Z28C 32 2 Ate SRSA SA Se a Ae eee 1.070 
Melting poimii (2G slit. tata. & See S. Sas eA eee See 55 
Benetration 25° C.100.crams. Sisecnnds <5. 25 jase ae pe. eee 50 
Loss,at 163°". 5 hours, 20 erams, per cent. 52 ee ee 2. oF 
Penetration oftesidue as'above.-2 25-2555. soe eee eee ee 22 
Per cent of total bitumen insoluble in 86° B naphtha..................--.--- 26. 72 
Hixedsearbon; per cents. .2 2273s 7s, SEAS eee Ee Ee ee 12. 52 
Solublein-CS> (total bitumen): per cent. 3) sae eo. Sees pe eee 94. 85 
Organicmatter‘meoluble mr Os, percent ’s0 ee take ee ee eee 1. 80 
Inerganicmatter insoluble mGS); per'cent 220% S27 SL Pee ees 3.35 
otal, per Cent... 5. Snag sie Ca gee ee ee ee 100. 00 


Section No. 7, A AND B.—Or-AsPHALT, PENETRATION METHOD. 


Section A is much more distinctly mosaic than B and a little 
smoother. It has a few potholes and will probably require a seal 
coat in the spring. The south half of B still retains the mat fairly 
intact; but it appears to be worn very thin. The surface is full of 
short, irregular waves, especially on the north half, where there are 
many bare places and a few potholes. Where cleaned the surface 
shows a somewhat mosaic appearance and toward the north end 
becomes noticeably smooth and regular. 


eS ee 
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| Section No. 8.—REFINED WaTER-GAS TAR PREPARATION, SURFACE TREATMENT. 


This section presents a very un-uniform appearance over most of 
the area. The aggregate now shows and the surface is ready for a 
seal coat. This treatment was postponed during the past season 
only at the expense of considerable repair. In a few places there is 


a heavy mat that appears to have been pushed up by traffic, but 
elsewhere the mat is generally worn off. 


Section No. 9.—ASpPHALTIC PETROLEUM, SURFACE TREATMENT. 


During the past season, sections 9 and 10 were re-treated uniformly. 
At the time of inspection they much resembled each other, but 9 is 
‘in better general condition. There are only three or four breaks 


| through the mat and, though wavy and uneven, the surface is nearly 


intact. The marked difference between the east and west halves 


| of the section is not nearly so great as in No. 10. Table 63 gives an 
| analysis of the bituminous material used, and the cost of this re-treat- 
'|ment is given in Table 64. 


TABLE 63.—Analysis of asphaltic petroleum used on sections 9 and 10. 


ERG EBISU IN 245) 745) Cpe ae Ae en oa eee cS ae 0. 963 


Sh “DOIlia Ry NOL SB Se Aegan Oe ERS Sica fs ef Sica ae a a 31 
© LESTE? TOO IBA, AO ea dines ge SS a A ee anu Ne a ee a 84 


Beeecostry at 20. C.,.50 c.c., Engler specific.....-.....-2.--22 2222220202 eee lee 128. 4 


mre) ours, at\163° ©.) 20/erams, percent...:...-..-..-2-.-2-2-----2 see. 23. 14 


Bieeatiest on residue, 32° C. (Gime)... 522-2... 2. 225252022022 b eee te: DSi Z 


Meares ommesidUc  OOr Ost). jc: 255 oc a= Joi a oe ee eel ee eee ce 14,472 


Semeeoleun ©, (total bitumen), per cent... 5.52.2. 5.94..2---.6-2-----2--- 99. 94 


Permicumaticrinsolublerin-Cs,,.per cent... ).6./...8-.25ssees.s eer. e. 0. 04 


Simmercanic matter insoluble in CS., per cent........-..-.-.------+-----+--0-- 0. 02 


Section No. 10.—ReEsmpuaLt PETROLEUM, SURFACE TREATMENT. 


This experiment continues to be the most troublesome section of 
the entire project. Reference to previous reports will disclose that 


it has had repeated attention, being once scarified and rebuilt and 


| once re-treated. In the spring of 1915, after having been very 


‘touddy during the preceding winter, it had an irregular wavy mat 
'and there were numerous spots where the aggregate was exposed. 
It rapidly disintegrated at these points and considerable repair work 
/became necessary. Finally, on August 16 to 18, 1915, a second 
're-treatment, using asphaltic petroleum, was given. This re-treat- 
ment was extended over experiment No. 9 and its details are given 
m the description of that section. At the time of inspection the 
west half of the section against the track was in fair condition, but 
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the half along the gutter was muddy and showed a tendency to 
disintegrate. A line of potholes existed along the middle. Much 
patching will be required as soon as weather permits. In a few 
places the road metal is raveling and the winter calks on the horses’ 
shoes have cut entirely through the mat on the east side of the road, 
It appears from a few breaks just forming at the time of inspection 
that it is this cutting of the mat which starts the numerous pot- 
holes. The cost of this re-treatment is shown in Table 64. 


TABLE 64.— Materials and cost data for surface re-treatments. 


E Quantity of 
2 material per Cost per square yard (cents). 
AZ) square yard. 
Balas [eos é |e [x 
Bituminous material | SE |E& lo | 5 | 8 Shales iy ce! ae 
é @p/8 [Sci 5c| 8. she eee) Ss 
z « |g Cdl od| gs wo (tS Js] a 
g ~ (gsaise|_ | 8813 § \-ea/ 52) & | 
= g [ECE o> |S" (El | g fakelas| & | g 
2 2 Beals qa = g q AY BSS] 5 ° 
D <j fas) eye |e faa) Ol] wm © |< < R a 
9 | Asphaltic petroleum, cold 
applicationa +e ee 761 \0.197 | (7) |0.016 | 2.6/(4)}| 3.6] 0.1) 0.4} 0.4] 0.4 7.5 
On eee. (i Co as A ee eee pike .172| @)| .016| 2.4) (@)| 3.6 22 5 | a 


1 Not ascertained. 
MAINTENANCE DURING 1915. 


In addition to the general re-treatments above described, the patrol 
system of maintenance was continued during the year. Table 65 
presents the total cost of this maintenance and the re-treatments, 
together with the total cost of each experiment to December 31, 1915. 


TABLE 65.—Costs of construction and of surface mainteannce to December 31, 1915, of | 
1911 experiments at Chevy Chase, Md. 


| F F Construction per square 
| Maintenance cost of experiment. yard (cents). 
Date 
Experiment No. | com- Area. 
pleted. Con- Maint 
To 1913.| 19141 | 1915 | Total. | struc- /,3n7,"| Total. 
tion ce. 
| 
| 1. |Sq. yds 
5 eee eee Pe. eats Seg < Se Ocelot 1,581 $0.00 | $91.48 | $36.97 |$128. 45 46.18 8.12 54.30 
Pate aoa ow an ln oe cs: a eet Os.8.2 705 00 ; 16.14 16.14 64. 42 2.29 66. 71 
5 ae ee = Syseeme 21502 nek Sar eee. | Nov. 18 1,555 00 00 14. 71 14. 71 64. 69 .95 65. 64 
fs | see sree Reng ity aE aes ny eG Nov. 8 1,555 4.05 2.54 40.18 | 46.77 57.18 3.00 60. 18 
Dose Ee eee eee eS Dec. 2 1,447 | 262.57 90 42.03 | 305.50 58. 27 21.11 79.38 
Geese aa oe cttw ocr Nov. 23 1,555 3.47 00 32.15 35. 62 68. 22 2.29 70. 51 
CS ee EN ee Bi cpa a eae Dec. 5 131 1.438 45 4.70 6.58 59.96 5. 02 64, 98 
Yh rena a ener RR ie aati fe oc Sal eo fo pees 848 | 67.88 f-33 24.50 | 93.71 54. 80 11.05 65. 85 
1912 
Se cc wibas Peeiow oe | Aug. 24 1,477 80. 64 .00 | 50.16 | 130.80 | 239 59 8. 86 48,45 
Laat cray sie paste spintis Rial op eee Np i June 4 761 39.65 44, 86 63.71 | 148.22 | 42.01 19.48 61.49 
1 eA See eee ee Fo eo PNOVie ce 1,013 19.05 | 286.62 | 132.17 | 437.84 | 44.31 43.22 87.53 
| pent Seatac ee eee Sel te gene, Dec. 16 377 . 00 .00 .00 .00 | 81.51 . 00 81.51 


1 Differences between these quantities and those appearing in Table 25, page 34, U.S. Dept. Agr. Bul 
letin 257, are due to a distribution of ‘‘ General expenses,”’ not made in the earlier table. 

2 The construction costs here shown for sections 8, 9, and 10 are uniformly 32.58 cents higher than those 
appearing in the original table of costs on page 9 of Circular No.99. The amount repieeas the cost of the 
2-inch He course of water-bound macadam, and it is added here in order to make the costs of the wearing 
courses of these sections comparable with the costs of penetration and mixed surfaces on other sections. 
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A traffic census is taken every 13 days for a 16-hour period. A 
tabulation of the maximum and average of each class of traffic for the 
period between March 8, 1915, and February 22, 1916, is the same as 
| that taken for the 1912 Chevy Chase experiments. Each side of the 
road carried traffic in one direction only. 


| SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, N. Y., 
| 1911. 


OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


The original report of these experiments was published in Circular 
No. 98, and reports of annual inspections and repairs are given in 
Circular No. 99, Office of Public Roads, and in U. S. Department of 
Agriculture Bulletins Nos. 105 and 257. The following report relates 
to the condition of the pavement on January 22, 1916. 


EXPERIMENT No. 1.—Om-CEMENT CONCRETE. 


The bituminous surface treatment is worn away to a very con- 
siderable extent. At present the concrete is exposed in many large 
and small patches, and is generally somewhat worn and potted, 
especially at the street intersection. 


EXPERIMENT No. 2.—CutT-Back Om-ASPHALT, Mixinc METHOD. 


This experiment will not be reported on again, excepting for the 
easterly 50 feet. It was entirely scarified in October, 1915, with the 
exception of the easterly 50 feet, shaped and rolled, and then surfaced 
with 2 inches of asphaltic concrete prepared according to the Topeka 
specification. The easterly 50 feet is still in fair condition in the 
center, but is somewhat wavy along the sides. 


EXPERIMENT No. 3.—FLuxep Native AspHaut, Mixing MrtHop. 


This section is in practically the same condition as indicated in 
the last mspection report. The waves along the north side for the 
easterly 30 feet have become somewhat deeper and there is a slight 
Waviness appearing along both sides throughout the entire length of 
the section. 


EXPERIMENT No. 4.—REFINED CoA Tar, Mixinc MetTHop. 


This section is in good condition for a width of about 15 feet along 
the center. It has become somewhat wavy along both sides through- 
out its entire length. On the south side from station 10+68 to the 
east end of the section for a width of about 5 feet, where the seal coat 
was worn off last year, the pavement is now crumbling. 
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EXPERIMENT No. 5.—CutT-Back Om AspHaut, Mrxinc METHOD. 


From the west end up to station 12+50, with the exception of 
that part opposite Hardenbrook Street, this section is badly worn 
out and should be rebuilt. The part opposite Hardenbrook Street 
is still in fair condition. From station 12+50 to the east end of the 
section the pavement is fairly good, but the south half of it shows 
considerable wear and the indications are that this part will need to 
be rebuilt within a year. No work has been done on this section, 
except that about six holes were repaired by the borough maintenance 
crew during the past summer. 


EXPERIMENT No. 6.—O1n-ASPHALT, PENETRATION METHOD. 


This section is practically in the same condition as indicated in 
the last inspection report, except that the seal coat has worn until it 
has entirely disappeared in some places. A slight waviness is develop- » 
ing along both sides over the entire length of the section. The narrow © 
strip where the seal coat had been picked up last year has healed and | 
is not visible now. 


EXPERIMENT No. 7.—REFINED CoAL Tar, PENETRATION METHOD. 


This section is still in good condition, with the exception of a strip | 
about 5 feet wide along the south side, where it is disintegrating © 
throughout its entire length. 


EXPERIMENT No. 8.—FLuxEeD Native ASPHALT, PENETRATION METHOD. 


This section is apparently in the same condition as indicated in \ 
the last inspection report, except for a small hole 1 foot long and 
2 feet wide on the south edge at station 17+ 60. 


EXPERIMENT No. 9.—Orm ASPHALT, PENETRATION METHOD. 


This section appears to be in about the same condition as indicated | 
in the last inspection report, except that the narrow strip where the | 
seal coat was picked up has healed and is not now visible. 

In reference to this experimental road and the waviness which has | 
been developing along the sides of all of the bituminous sections, it | 
seems well to call attention to the fact that this road was originally | 
built about 1895 as a plain macadam road 18 feet wide, and about 1905 © 
it was reconstructed and surfaced for a width of 25 feet by widening © 
34 feet on each side of the oldroad. Itseems probable that the newer 
part has not the depth of stone or was not as thoroughly compacted — 
as the 18 feet in the center. | 
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| SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, IOWA, 
1910. 


OIL-ASPHALT GRAVEL. 


| The original report of this experiment was published in Circular 
| No. 90, and reports of succeeding annual inspections appear, respect- 
ively, in Circulars Nos. 98 and 99 of the Office of Public Roads and in 
U.S. Department of Agriculture Bulletins Nos. 105 and 257. 

The driveway on which this experiment was made is 27 feet wide 
‘between gutters, but owing to local conditions traffic is confined 
practically to the eastern two-thirds of the pavement. Several 
shght inequalities appeared in the traveled way in 1914, and these 
were partly eliminated by reshaping the road with a grader. The 
surface was then treated with a light asphaltic oil, but the effect of 
| this treatment had almost entirely disappeared in December, 1914. 

In June, 1915, a similar treatment of very light oil was applied, with 
no more permanent effect than that of the previous one. 

In October, 1915, a heavier asphaltic oil was applied to the traveled 
portion of the road at the rate of one-half gallon per square yard. 
This work was done under the direction of the superintendent of the 
grounds and represents the manitenance the roadway has received 
since its construction in 1910. When inspected December 10, 1915, 
| the gravel surface was well crowned and was covered with a cushion 
| about three-fourths of an inch thick, slightly wavy, but dense and 
| well compacted. 


| SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOXVILLE, 
| TENN. 


TAR AND OIL PREPARATIONS. 


The original report of these experiments was published in Circular 
No. 94, and reports of subsequent annual inspections appear in 
| Circulars Nos. 98 and 99, Office of Public Roads, and in U. S. Depart- 
' ment of Agriculture Bulletins Nos. 105 and 257. The last inspection 
was made December 10, 1915. 

These experiments consisted of three bituminous macadam sections 
' constructed by the penetration method. The binders used were, for 
section No. 1 a refined coal tar, section No. 2 a refined tar preparation, 
and section No. 3 an oil-asphalt. By January, 1913, section No. 1 
had raveled throughout its entire area and by November, 1914, had 
failed completely except for two small areas. Section No. 2 showed 
only a small number of raveled places in January, 1913, but by 
November, 1914, had become so seriously pitted that reconstruction 
seemed necessary. Both sections impeded motor traffic noticeably. 
Section No. 3, on the other hand, was still in excellent condition. 

In the spring of 1915 the county road officials ordered the holes in 
sections Nos. 1 and 2 filled with crushed stone. After this rock had 
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been compacted by traffic, a surface treatment of light asphaltic oil 
was applied to the three sections. Section No. 3 is readily recognized — 
by its smooth, even surface and well-preserved cross section. | 

As these experiments are no longer comparable as types of bitumi- | 
nous macadam pavement, their behavior will not be reported hereafter. | 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT YOUNGSTOWN, OHIO, — 
1910. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG | 
AND TAR. | 

The original report of these experiments was published in Circular | 
No. 92 and subsequent reports of anuual inspections are given in | 
Circulars Nos. 94, 98, and 99, Office of Public Roads, and in U.S, | 
Department of Agriculture Bulletins Nos. 105 and 257. The follow- - 
ing is a report of the condition of the roadway on December 38, 1915, 
The sections are discussed in the order of their section numbers, 
beginning at Mahoning Avenue. With the exception of the tar-slag | 
section, the road was covered with a thin sheet of snow at the time of | 
the inspection, which concealed some of the surface details. 


Section No. 1.—Buast-FuRNACE S.iaa. 


The condition of this section has not changed appreciably during : 
the past year. The surface is somewhat worn and pulverized in the ¢ 
middle of the road and wide, shallow ruts are noticeable in the wheel | 
tracks. These ruts are not so pronounced as in the next two sections, | 
however. Aside from these defects, the surface is smooth, uniformly ; 
worn, and free from large protruding stones. | 


Section No. 2.—Brast-FurRNAcE Siac AnD LIME. 


The general condition of this section is about the same as that of — 
section No. i. The ruts are somewhat more pronounced, particularly | 
the one on the west side of the traveled way, and a depression, which — 
was evidently due to wear, was noted about 50 feet from the north | 
end of the section. 


Section No. 3.—BLast-FURNACE SLAG AND WASTE SULPHITE LIQUOR PREPARATION. | 


Little change has taken place in the condition of this section dur — 
ing the past year. About 100 feet from the north end two shailow 
depressions have formed in the wheel tracks, and for 200 feet from 
the north end the surface is worn and slightly depressed in the middle | 
of the road. The ruts referred to in the two preceding sections © 
extend to the top of the slight grade near the middle of this section. © 
The south half of the section, which lies on the grade, is noticeably — 
better than the north half and is one of the best preserved parts of | 
the entire road. 
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Section No. 4.—B1iast-FURNACE SLAG AND REFINED COKE-OVEN TAR. 


The greater portion of this section was constructed over a deep 
fill and, as noted in previous inspection reports, initial failure was 
due to unequal settlement. The surface over the fill and the short 
stretch to the north has disintegrated and numerous holes and depres- 
sions have formed, ranging from a square foot to a square yard in 
area. The south 50 feet of the section, which has not suffered from 
‘settlement, remains practically intact and presents a smooth, true 
surface. The wearing surface was cut through with great difficulty 
and it was necessary to use a sharp pick in order to remove a small 
section for examination. 


Section No. 5.—BuAst-FuRNAcCE SLAG. 


| As noted in former inspection reports, this section is lower at its 
junction with section No. 4 by about 14 inches. The ruts in the 


portion lying in the damp cut remain. The south one-third of the 
section, which at the last inspection was in very satisfactory condi- 
tion, has developed two depressions at 165 feet and 135 feet, respec- 
tively, from the south end. Both were about 24 inches in depth 
and showed signs of raveling. 


Srotion No. 6.—Buast-FuRNACE SLAG. 


This section has not changed materially during the past year. The 
ruts are wide and more pronounced than in the preceding sections, 
but there is less loose pulverized material in the middle of the road. 
There are two rather deep depressions in the traveled way near the 
middle of the section and three long, deep ones in the east rut in the 
north 100 feet of the section. However, there was no evidence of 
raveling in any of these depressions. 


Secrion No. 7.—BLAst-FURNACE AND OPEN-HEARTH SLAG. 


The condition of this section has not changed appreciably in the 
past 12 months. The surface as a whole is firm and well bound and 
noticeably harder than any of the other sections, except that portion 


| of No. 4 which still remains intact. 


Several years ago the fill near the south end of the section settled 
irregularly and a deep hole was formed. This has not been repaired 
and continues to be a menace to traffic. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT GARDEN CITY, BUCK- 
LIN, FORD, AND DODGE CITY, KANS., 1908. 


SAND-CLAY. 


The original report of these experiments is contained in circular 
No. 90, and reports of subsequent annual inspections are published 
in Circulars Nos. 92, 94, 98, and 99, Office of Public Roads, and in 


a 


70 BULLETIN 407, U. S. DEPARTMENT OF AGRICULTURE. 


U. S. Department of Agriculture bulletins Nos. 105 and 257. The | 
reports for the year 1915 are subjoined. . 

These roads are maintained by the highway officials of the respec- 
tive counties in which they are located. They are subject to heavy | 
seasonal traffic, due to the marketing of cereal crops. The usual load | 
is about 80 bushels of wheat or shelled corn hauled in narrow-tired | 
wagons. Loads of 100 bushels are not infrequent. 


EXPERIMENT AT GARDEN CITY, KANS. 


This road was inspected December 20, 1915. There had been no | 
rainfall in more than 2 months, durmg which time the roadway was | 
subjected to much heavy horse-drawn traffic, due to the marketing | 
of wheat and corn. This had developed depressions from 2 feet to ( 
4 feet square in the middle half of the road surface at intervals of | 
from 150 feet to 300 feet. The depressions were from 2 inches to 4 - 
inches deep. Where free from holes, the road is well crowned. 

The road has been maintained by filling depressions with gypsum 


clay and by dragging with a 3-bladed steel drag after each rain. _ 


The dragging had been done approximately twice a month up to the ° 
time of the protracted drought above mentioned. As a consequence 
the ditches are open, the shoulders are well shaped, the edges of the 
sand-clay surface are protected from erosion, and the entire roadway | 
has a neat and well-kept appearance. 


EXPERIMENT AT BUCKLIN, KANS. 


This road was inspected December 20, 1915, and its condition found 
to be as follows: | 

Beginning at the southern end of the section for the first one-third | 
of a mile the cross section was flat and two wide, shallow ruts had | 
formed. There were no places where the sand-clay mixture had — 
broken through, but several gave evidence of weakening under the 
heavy hauling due to marketing the cereal crops. | 

In the next one-third of a mile the road is in poor condition. Deep ° 


ruts have developed throughout this entire distance and in several © 


places have worked through the sand-clay surface. The cross sec-— 
tion is flat and ridges which obstruct lateral drainage have formed 
along the outside edge of the sand-clay surface. The condition of this 
section is so unsatisfactory that traffic avoids it by going outside the 
ditch lines. 

The remainder of the road, approximately one-third mile, is m 
fair condition. It has sufficient crown to shed water, the ditches 
are open, and only a few depressions have formed. The holes in 
the approach to the south end of the bridge over the Arkansas River, 
which were reported in November, 1914, had been filled with new 
material. 


DUST PREVENTION AND ROAD PRESERVATION, 1915. (il 


| The unsatisfactory condition of the road is ascribed to lack of care 
‘of the road during and after the very heavy rains of the past summer. 
|The roadway can be saved by the addition of suitable new material 
_and by reshaping the surface. 


EXPERIMENT AT FORD, KANS. 


_ This road was inspected December 20, 1915. In the first 100 feet 
‘south of the bridge over the Arkansas River the road has become 
‘flat. One depression has formed at the end of the bridge and at two 
other places on the filled approach to the bridge the sand-clay surface 
has been cut through. 

_ The remainder of the section has been shaped with a road grader, 
but too much sand was brought upon the surface from the ditches 
during this process. In consequence the surface has become weak- 
/ ened and two deep ruts have formed under traffic. 

| The depressions should be filled and a thin dressing of new material 
applied to the entire surface to take up the excess of sand. 


} 
j 


) _ SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT BOWLING GREEN, 
KY., 1907. 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment was published in Circular 
No. 89, and reports of annual inspections are given in Circulars Nos. 
90, 92, 94, 98, and 99, and in U. S. Department of Agriculture Bulle- 
tins Nos. 105 nal 257. The inspection on which this report is based 
was made December 13, 1915. 

This work has not been repaired or cared for in any respect since 
its construction. Débris carried or dropped upon it has been swept 
by rain and traffic into ridges on each side, which interrupt lateral 
drainage and hold dirt on the surface. Consequently the deteriora- 
tion has not resulted from traffic only. The failure is most marked 
in the western one-third, where the surface is full of holes varying 
from 4 square feet to 12 square feet in area. In the middle one-third 
of the pavement length there is one large broken area at the south edge 
which is 4 feet wide by 10 feet long. The eastern one-third of the 
section is still practically intact. Here the most noticeable defect is 
a shallow unbroken rut on the south side made by a heavy concen- 
trated load during construction and not entirely eliminated by subse- 
quent rolling. Where the surface is broken the asphalt has disap- 
peared and the rocks are loose. Where the binder has not failed the 
surface is smooth and hard and firm. 
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